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POLYMERIC MDI: 28 DAY REPEAT EXPOSURE STUDY IN FEMALE RATS (6 HOURS PER DAY 5 
DAYS PER WEEK) AND POST EXPOSURE OBSERVATION PERIODS UP TO 30 DAYS 

1. . SUMMARY 

1.1 Study design 

Groups of fifteen or twenty female Alpk:APrSD (Wistar-derived) ;ats were exposed nose~C'nly 

to a target concentration ofO (control), 1, 4 or 10mg/m3 polymeric MDI for 6 hours per day, 

5 days per week, over a 4 .. -.,eek period and terminated the day after the last exposure (main 

study) . Additional groups of fifteen or twenty animals were similarly exposed and retained 

without tre&tment for a further 30 days (recovery phase). 

Clinical obsetvations and bodyweights _were recorded weekly throughout the study. One week 

prior to scheduled termination selected animals for • S' phase analysis were implanted 

subcutaneously with an osmotic minipump for delivery of bromodeoxyu~dine (BrdU). At the 

end of the scheduled period, the animals were k..illoo rutd subjected to a full examination post 

mortem. Sel~cted animals were taken for subsequen\ histopathology examination, lungs were 

weighed and specified tissues were submitted for light and electron microscopy and to provide 

an assessment of cell proliferation. In addition an attempt was made to analyse the particulate 

material that is a consistent observation in alveolar macrophages of 'MDI exposed rats. Lung 

lavage samples were taken from specified animals and examined for any changes in alveolar 

fluid compartment namely proteins, enzymes and phospholipids and associated free cell 

--population. 

1.2 Results 

The test atmospheres generated of 1, 4 or 10mg/m3 MDI (actual achieved concentration~ 0.93 , 

3. 88 or I 0. 3 mglm3 MD I) were acceptable with regard to their general stability and physical 

characteristics. 

-
Group Total particulate Median size (MMAD) GSD 

concentration mwm3 (~Jm) 

2 0.93 1.14 
I 

2.47 
3 3.88 1.61 1.95 
4 10.3 1.09 1.68 .___ 

CTIJl.>/61 91 - I 0 

. l 
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POLYMERIC MDI : 28 DAY REPEAT EXPOSURE STUDY IN FEMALE RATS (6 HOURS !>f:J{ DAYS 
DAYS PER WEEK) AND POST EXPOSURE OBSERVATION PERJODS UPTO 30 DAYS 

There were no clinical changes or effects on bodyweigh1 . The lung lavage samples showed a 

statistically significant increase in total cell count and alveolar macrophage count in animals 

exposed to 10.3mg/m:. MDI on the main study, there was a less marked increase, which did not 

achieve statistical significance, in animals exposed to 3.88mglm3
. There was a statistically 

significant increase in polymorphonuclear leucocytes and in lymphocyte/other cells in main 

study animals (;Xposed to 3.88 or 10.3mg/m3 MDI. The numbers ofmacrophages with distinct 

vacuoles, termed foamy macrophages, showed a large increase in main study animals treated 

with l 0 .3mg/m3 MDI fllld a less marked increase in animals exposed to 3 88mg/m1 MDI. In 

the lung lavage fluid; total protein and alkaline phosphatase activity were statistically 

significantly increased in main study animals exposed to 10.3mglm3 MDI. In the lung lavage 

fluid and in the cell pellet main study animals exposed to 1 0.3mglm3 MDI showed a 

statistically significant increase in both supernatant and intracellular levels of 

phosphatidylcholins; in addition main study animals exposed to 3 88mglm3 MDI showed a 

statistically significant increase in intracellular levels of phosphatidylcholins. Main study 

animals exposed to 10.3mg/m3 sho·Ned an increase in lung weight and in lung weight adjusted 

.for terminal bodyweight . In main study animals there was a dose- related, increase in BrdU 

labelling index in terminal bronchioles and centro-acinar alveoli at all exposure levels which 

generally achieved statistical significance. Recovery phase animals remained similar to 

controls at all dose levels. There were no macroscopic abnormalities. All main study animals 

-exposed to 10.3mg/m3 MDI showed an increase in bronchiolitis, thickenir.g of the central 

acinar region and an increase in the number. of alveolar macrophages containing yellow 

pigm.~nt . In animals ;xposed to 0 .93 or 3.S8mg/m3MDI 1/5 animals in each group showed 

bronchiolitis. Recovery phase animals exposed to 10.3mglm3 MDI retained alveolar 

macrophages containing a yellow pigment in the alveolar sacs and in the interstitium and t /S of 

these animals showed evidence of bronchiolitis and central acinar thickening at a reduced 

severity to that seen in the main study. 

CTlJP/6191 ·· II 
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POLYMERIC MDl: a DAY REPEAT EXPOSURE STUDY lN FEMALE RATS (6 HOURS PER DAY S 
DAYS PER WEEK) A.ND POST EXPOSURE OBSERVATION PERJODS UP TO 30 DAYS 

1.3 Conclusion 

Animals exposed nose-only, for 6 hours per day. 5 days per week over a period of 4 weeks to 

polymeric MDI at a concentration of 10.3mg/m3 showed significant changes in most 

parameters. Whiie many parameters showed little or minimal changes at 0.93, 3.88. There 

was an exposure-concentration related effect on cell proliferation at all concentrations. 

Recovery phase animals showed that most parameters had returned to normal but residual 

changes consequent to previous increased levels of lung surfactant were still apparent. 

CTIJP/6191 - 12 
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produCt without the .. Written pemlission of International ~cyanates Institute . 

RECISSION OF CONFIDENTIALITY 
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STATEMENT OF GLP COMPLIANCE AND AUTHENTICATION 

I, the undersigned, declare that the objectives laid down in the protocol were adieved and that 
the data generated are valid. The report fully and accurately reflects the procedures used and 
the raw data generated in the above study. 

The study was conducted in compliance with the UK Principles i) f Good Laboratory Practice 
(The United Kingdom GLP Regulations 1997). Thesf: Principles are in accordance with the 
OECD Principles of Good Laboratory Practice, revised 1997 (ENV/MC/CHEM(98)1 7). 

Nicola J Rattray 
Study Director 

~~~. "':-: . :1: . .\"~.~~-··· · .. ··· · 16 December 1999 
Date 
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QUALITY ASSURANCE STATEMENT 

In ar.cordance with CTl policy and QA procedures for Good Labor .. tory Practice, this repon 

has been audited and the conduct ·.>f this study has been inspected as follows: 

Date 

22 Jul98 

24 Sep98 

28-29 Sep 98 

29 Sep98 

OS Oct98 

06 Oct98 

06 Oct 98 

03 Nov 98 

Audit/Inspection 

Protocol 

Exposure. atmosphere generation, atmosphere 

collection 

BtdU preparalion. minipump preparation 

Minipump implanlation 

Lung lavage 

Post mortem 

Derivitisation of MDA 

Cell counting, slide preparation 

Dale of QA Report 

22 JUI )8 

24 Sep98 

29Sep98 

29~p98 

05 Oct98 

060ct 98 

08 Oct 98 

03 Nov98 

In addition, procedure inspections associated with this type of study were made as follows: 

06Aug 98 Clinical observations, bodyweights 06 Aug98 

14 Aug 98 Atmosphere analysis 17 Aug 98 

.Jhe haematology and clinical che~stry individual animal data contributions have been 

auditied by ZENECA Phannaceuticals Quality Assurance as follow : 

23 Ju1 98 23 Jut 98 

21 Dec 98 21 Dec 98 

06 Jan 99 11 Jan 99 

Facilities and process based procedures associated with this study were inspected in 

accordance with QA Standard Operating Procedures. 

So far as can be reasonably established, the methods described and the results given in the 

final repon accurately reflect the raw data produced during the study, MRO 197. 

G P Fuller ........... 4.~. ... . .. .. .. . 16 December 1999 

(CfL Quality Assurance Unit) 

Cfi.IP/6191 . 4 

A 1 

·. · ··: 

... ' 

· . ~ .. 

·. 

.... 
~ 

··'·."' . .:. 



- , 
13 

~~ -. · .. ~ 

. ·: ' ' . 

.. .. . 
'• ~ ~ . 0. 

POLYMERIC MDI: 28 DAY REPEAT EXPOSilltE STIJDY IN FEMALE R"-TS (6 HOURS PER DAYS 
DAYS PER WEEK) AND POST EXPOSURE OBSERVATION PERIODS UP TO 30 DAYS 

STUDY CONTRIBUTORS 

The following contributed to this report in the capacities indicated: 

Name Title 

N J Rattray Study Director 

PMHext Study Reviewer 

S DuffeU Clinical Pathologist 

A Soames Histologist 

C Bowling ,_ctron Mi<:roscopist 

J Foster Pathologist 

M Crawley Chemical Analyst 

I Pate Statistician 

S Millward Study Technician 

KP Jackson Principal Investigator 

Zeneca Pharmaceuticals 

Alderley Park Macclesfield Cheshire 

SKIO 4TG UK 

CTIJP/6191 - s 

.. _. ..... 

~ ;.: . ::. ~: : ; 
•. 

• .I • • 

: .: ;.~ .... .. 
... .. :'> ' -':' : · 

.:_ .·:i .: ._··::. 

~-ll.~ ~t_ ~: ~:~; 



. . ' 
· ., I 

.. .. ·:. ';: ,: ; ! 

. ~.- . ·:: ' . ., 

POLYMERIC MDI : 28 OA Y REPEAT EXPOSURE S11JDY IN FEMALE RATS (6 HOURS PER DAY S 
DAYS PER WEEK) AND POST EXPOSURE OBSERVATION PERIODS UP TO 30 DAYS 

1. 

1.1 
1.2 

CONTENTS 

Page Number 

SUMMARY 10 

Study design .. .. .. . . . . . . .. . .. .. . .. .. . .. . . . . . . . .. . .. .. . . . . . .. . .. . . . . . . . . . .. . .. . . . . . . . . . . . . . . . . . . .. . . .. . . . . . .. . . . . . . 1 0 
Results .. ......... .. ... . __ ..... ....... .. ... .. .... ........ ..... . __ .. .. ... .. ...... .. ............. ...... .. ........... .. . 10 

1.3 Conclusion ..... ........ ... .... ... . ........... .. ..... ... ..... .... .. .... : .. .. .............. ... .. .. ..... .. .. .. ... .. . 12 

2. 

2.1 
2.2 
2.3 
2.4 
2.5 

3. 

INTRODUCTION 13 

Regulatory guidelines ... ..... .. ..... .. ............. .. .... ... ... .. .. ... .. ...... ... ... ..... .... .. ... ·.·... ....... 13 
Justification for test system selection .. .. .. . .. . . . . .. . .. .. .. . .. .. . .. .. . . .. . .. . . . .. .. .. . . . . .. .. . . . .. . . . .. 13 
Selection of atmospheric concentrations ....... ... .. ... ... ... ... ... . -· -···· .. .. ...... ....... .. ...... 13 
Study dates .......... ... ... .. ................ ..... ............ .. ...... ...... ... .. .. .... ...... ............ .. ..... .. . 14 
Data storage ... .... ...... .... .... ...... ... .... ..... .. .. .. .... ... .. ....... .. .. ... .. .... .. ... ... ........ ......... .... 14 

TEST SUBSTANCE 14 

3.1 Test substance .. ..... .... .. ...... ... .... ............. ........ ...... ... ... .............. ..... .. .... .... .. .. ... ..... 14 

4. 

11 . l 
4.1. I 

--4.1.2 
4 .2 
4 .2 . I 
4.2.2 
4.2.3 
4.2.4 
4.3 
4.3.1 
4.3.2 
4.3.3 
4.3.4 
4.3 .5 
4.3.6 
4.3.7 
4.3.8 
4.4 
4.5 
4.6 
4.7 

EXPERIMENTAL PROCEDURES 15 

Atmosph.~re concentration .. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 15 
Trial generation ...... ... ... .. ... ...... .... .... .. ........... .. .......... .. ...... .. .. .. .. .. ........ ... ......... ... . 15 
Gener11tion conditions .. .. ... . ........ .. ......... .. .. .... ...... .. ... .. ... ... .... ........ .. ... .. ........... .. 15 
Atmosphere sarnpling and analysis ... .... ... .. ... ............ ........... ...... ........ ...... ............ 15 
Gravimetric concentrations .... .... .... .......... ..... ..... .. ... ... ....... ......... ....... ... .... .. .... ..... 15 
Analysed concentration . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . I 6 
Atmospheric characterisation ... ... .. ...... .... ......... ... ........ ..... .... ... ...... .. ........ ........ ... 16 
Aerodynamic particle size distribution ......... ... ...... .. .. ... ............... .. ........ .. .... .... ... 16 
Experimental design . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 17 
Ar..;mals .......... ....... ... ... ........ .... .... ... ... ..... .. .. .. .................................. . .. ...... .... .... ... 17 
Accommodation and husbandry........ ... ...... ... .. .. ... .. . .. .. .. . .. .. . .. . .. . .. . . .. .. . .. .. . .. . . . . .. . .. 17 
Acclimatisation... .. .. . .. .. .. . . .. . . .. .. . .. . .. .. . .. . .. . .. .. .. .. . .. .. .. .. .. .. .. .. . .. . .. . . . .. . .. .. . .. . .. . . . .. . .. .. . . . 18 
Animal raflriomisation and identification . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 18 
Atmosphenc concentrations and expo sur~ groups .. .. . .. . .. .. .. . .. . .. .. .. .. . .. .. .. .. .. .. . .. .. .. 18 
Exposure system ..... _.. ........... .... ..... .. ... .. ... . .. .. .. .. . .. .. . .. .. .. .. .. . .. .. .. . . . .. .. . . . . . . .. .. .. . . . . .. .. 19 
Duration of exposure .... ......... .. .. .. ............... ... ... .... .. ..... .. ..... ......... ... ... .. ... ... .. ..... 20 
Duration of recovery period .... ..... .. ....... .......... .... .... ... .. ........... .. .. ....... .... .. .... .. .. .. 20 
Clinical observations .. ... ..... ... ... ........... .... ........ ... ... ...... ... .. .. .. ... .... ... ......... ........ ... 20 
Bodyweights . . . . . . . . . . . . . . . .. .. . .. . .. . . . . . .. .. .. .. .. .. . . ... . . . . . .. . . .. . . . . .. . . .. . . . . . .. . . . . . . . . .... .. .... . 20 
BrdU labelling indices ..... ... ... .. .. ....... .. ............ , .............. ..... .. ..... ... ........ ....... ....... 20 
Investigations post mortem ... ..... .... ..... ..... ... .. ... ... ... .... ....... ..... ... ... .. .... ....... .......... 2..!. 

CTI..JP/6191 - 6 



. , . 

' · • o\f ' 

. . 
~ ~- . 

. . . 
· . ..... ' 

j~~i~j 

POL YMERJC MDI 28 DAY REPEAT EXPOSURE STUDY IN FEMALE RATS (6 HOURS PER DAY 5 
DAYS PER WEEK) AND POST EXPOSURE OBSERVATION PERIODS UP TO 30 DAYS 

4.7.1 
4 .8 
4.8.1 
4.8.2 
4.9 
4.10 
4.10.1 
4.10.2 
4.10.3 
4.10.4 
4.10.5 

5 . 

6. 

6.1 
6.1 . 1 
6.1.2 
6.1 .3 
6 .2 
6 .2 .1 
6.2.2 
6.2.3 
6.3 
6.4 
6.5 

--6.5 .1 
6.5.2 
6.5.3 
6.6 
6.7 
6.8 
6.8.1 
6.8.2 
6.8.3 
6.8 .4 

7. 

B. 

9. 

Termination .... ....... .. ... ... .. ......... ....... .. .. .... .... .. ... .. .... ......... .. ..... .... .... ..... ........ ...... 21 
Examination of the lung la•.tage .......... ... ...... .......... ...... .. ..... .......... ... .. .... . .... ... 21 

. Cywlogy and clinical chemistry analysis .. ...... .... .... .. ..... .. ... ... . ... .... .... .. ... .. ... ........ 21 
Phospholipid analysis .. ....... .... ..... ...... ... .. .. .. ... ..... .......... ......... ..... .. ... .. ... .... ....... .. 21 
Lung weights .... .. ........... ..... ............ .. .. .. .. .. ... .. ... ... .. ....... .. .. .. ... .. .... .. ...... ... .. ..... ... . 22 
Macroscopic exam.intttion .. . ..... .. ... .. .... ........... ..... ... .... .. .. ..... .. .. ... ............. .. . 22 
Tissue submission ........... .... ... .. .. ........ .. ... .... ..... .. . .. ........ ... ........ ..... .... .. .... ... ... .... 22 
Tissue processing .. .. ... ...... ...... .. .. .... ...... .. ... ............. .... .. ..... .............. ..... .. ... .... ..... 23 
Microscopic examination .. .. .... ....... ................. .... ....... ... ... ...... ... ......... .. .. ...... .. ..... 23 
Light microscopy oflavage pellet . .. .. . .. .. .. .. .. . .. . .. . .. . .. .. . .. . .. . . . . . . . .... ..... 23 
Electron microscopy .. .. ....... ..... ..... ........ ... ... .. .... ..... .. ." .... ........ ...... ... ....... ... ... ..... ... 23 

DATA EVALUATION 24 

RESULTS 24 

Atmosphere analysis . ... ......... .. ..... ...... ...... .... .. ..... ... .... .... ....... ..... ............. .. .. .... .. 24 
Particulate concentrations .. ....... ... .... ...... .. ..... ........... ......... .... ... ..... ........... .... ...... 24 
Analysed concentrations ........ .. ....... ... .... ... .. .... ..... ...... ..... .... .... .... ........ .... ... ..... ... 24 
Aerodynamic particle size distribution table .. .............. .. ... ... .. ........... .. ... ......... .. .. . 25 
Clinical observations .... ........ .... ....... .. .. .......... .. ...... ... .. ........ .... .... .. ..... . .' ........ ....... 25 
Mortality .......... .. .... .... .... ......... ....... .. ... .. .... ... ........ .... .. .. .. ........ .... ... .... ... .. .... .... 25 
Observations during exposure ... .... , ... .... ................ : .... ... ...... ...... ..... .... .. ........ ...... 25 
Observations during exposure and recovery phase ........... .. ....... .. ........ .. ... .. ... .... 25 
Bodyweights .. .......... ...... ..... .......... .......... .... ... ..... ............ ... : ........ .... ... .... ... .. .. .. ... 26 
Investigations post mortem ....... ....... .... .... ...... ... .. ... ..... ...... ........ ....... ......... ...... ... . 26 
Lung lavage ............ .. ...... ... .... .. .......... .......... .. .......... ..... ........... ..... .... .. ............... 26 
Examination of lung lavage - cytology ... ... ..... .. .... ... ... ... ...... ...... ....... ..... ...... ........ 26 
Examination of lung lavage - clir,; : :.> .: ~hemistry ...... .......... ....... .. ... ......... ...... ..... .. . 26 
Examination of lung lavage - phosphatidylcholins ...... .. ......... .... .. .. .. .... .. ... .. ..... .. . 26 
Lung weights ..... ... ...... .... ...... .. ............ ... ..... ... ...... .... ................ .. ... ...... ... ... ... ... ... 27 
BrdU labelling indices ........ .. .. ..... .. ... ... .... ........ .. ........ .. ....... ... ... .. .. ....... .. .. ..... .. ... . 27 
Pathology examination ............................... ... ... ..... .. ... ...... ... .. ............... ....... .. .. ... 27 
Macroscopic examination ... .. .. ...... .. ...... .. .. .... .. .... .... ...... ...... ... .. ... .. ... ..... .... ....... 27 
Microscopic examination ... ..................... ....... ..... ...... .. .. ......... ... ...... .. ... .. .... ......... 27 
Light microscopy oflung lavage cell pellet .. ... ..... ...... .. .... .......... .. ... .... .. ....... .. .. .. 27 
Electron microscopy .. ........... ..... .. .... ..... ... .. ............ .. .. ... ... .... .... ... .. ..... .... ... . .. .... . 28 

DISCUSSION 28 

CONCLUSION 30 

REFERENCES 31 

CTUP/6191 - 7 



0~ 
1 

.·; ..• .'.· ' : 
.·' ' .... , . ..... ~ • ' 

' ··.r 

I 
. \ ... . 
-:. .. :.·: . ' 
: .... 

. 
·. :. 

.· .· .. 

. •' ·:.· . 

' • ·. 
~· . 
''. 

POL YMERJC MDI 28 DAY REPEAT EXPOSURE STUDY IN FEMALE RATS (6 HOURS PER DAYS 
DAYS PER WEEK) AND POST EXPOSURE OBSERVATION PERIODS :.'P TO 30 DAYS 

FIGURES 

GLOSSARY FOR FIGURES 2-8 .. .. . .. .. .. . . . . . . . . . . . . . . . . .. . .. . . . . .. . ... . . . ... . .. .. .. . . . . .. ......... .. 32 

FIGURE 1: 

FIGUREl: 

FIGURE3: 

FIGURE 4: 

FIGUREs: 

FIGURE 6: 

FIGURE 7: 

FIGURE 8: 

TABLE 1: 

TABLE 2: 

Diagram of atmosphere generation system ... .. ... ........ ... ..... ..... .. .. .. ... 33 

Group mean bodyweight versus time ...... .. ............. ....... ... .. .. .. .. . .... 34 

Statistical analysis ofbodyweight adjusted for initial weight . . .. 36 

Lung lavage fluid- cytology .. .. .. .... ..... ... .. .. ... ........ .... ... ..... ..... .... .. .. 38 

Lung lavage fluid - clinical chemistry .. ..... ... .... ...... ... .. ... .... .. ........ . 42 

Lung lavage fluid - phosphlipid concentration . . . . . . . . . . . . . . . . . . . . . .. . . . . . . . . .. 46 

Group mean lung weight. .. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .. 48 

BrdU labelling indices ... .. ....... .. ... ....... .. .. .. . ....... ..... ............ .. .... 49 

TABLES 

Atmospheric concentrations . .................. .... ...... ..... ........ .. .... .. ..... ..... 51 

Aerodynar.uc particle size distribution .. ........ .. ...................... .. .......... 57 . 

GLOSSARY FOR TABLE 3 .... .......... .... ......... ..... .... ....... .. ... : ............ .. ............................ 58 

TABLEJ: Intergroup comparison of clinical observalions .. .. ..... .. ............... .' ..... 59 

GLOSSARY FOR STATISTICAL TABI.ES 4-7 ............. .. .. .. .. .... .. ....... .. ... ......... ...... .. ... 60 

TARLE 4: Intergroup comparison ofbodyweights (g) . ... .. . ..... .. ......... .... ......... 62 

TABLE 5: Intergroup con1parison of lung lavage fluid : ....... ... ... .... ......... .. ..... .... 64 
• 

TABLE6: Intergroup comparison of lung weights .... ...... . ' ...... .. ... ........ ... ...... ... 66 

TABLE 7: Intergroup comparison ofbrdu labelling indices ..... .. .. ...... .... .... ........ 68 

TABLE 8: Intergroup comparison of microscopic findings incidence ..... .. .. .. .... .. 70 

TABLE 9: Intergroup comparison of lung lavage cell pathology .. ....... .............. 72 

TABLE 10: Intergroup comparison of electron microscopy ... ... .. .... ...... .. .... .. .... 73 

CTUP/6191 • 8 



r ;,,• .. 

···' . 

. ·• 

·~-.·: .· · : 

. .. · . .. 

:.:~if~;:>·~ 
:: ·,: ~: · .. 

".; >' · 

POLYMERlC MDI: 28 DA.Y REPEAT EXPOSURE STIJDY IN FEMALE RATS (6 HOURS PER DAYS 
DAYS PER WEEK) AND POST EXPOSURE OBSERVATION PERIODS UP TO 30 DAYS 

APPENDICES 

!.PPENDIX A: The detennination of Polymeric MDI in s~ :-: : l-'1es taken for total 
particulate detennination . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .... 77 

APPENDIX B: 

APPENDIXC: 

APPENDIX D: 

Particle size classification .... .... . ... .. ... ...... .... . .... ... .... ... ....... .... .. ... .. 81 

Allocation of rats to experimental groups . . . .. . .. . .. .. .. .. .. .. .. . .. .. .. .. . . . .. .. 82 

Arrangement of animals on the racks showing imiividual animal 
numbers and positions ............. .. .... . ..... .. ... ........ .. .. .. .. .. ........ ......... 83 

APPENDIX E: The design and use of the circular nose-only exposure chamber 
and Battelle restraining tubes for ~ats ............ ......... ...... ...... ... ..... ..... 84 

APPENDIX F: Exposure chamber temperature and relative humidity .. .... ........ , .. .. .... 87 

APPENDIX G: Details of statistical methods .. .......... .. .......... ... .. ..... ....... .... .. :":. ... ... .. .. 89 

CTIJP/619t - 9 



JWII . ·· :;···· 

POLYMERJC MDI : 28 DAY REPEAT EXPOSURE STUDY IN FEMALE RATS (6 HOURS PER DAY 5 
DAYS PF.R WEEK) AND POST EXPOSURE OBSERVATION PERIODS UP TO 30 DAYS 

2. INTRODUCTION 

The purpose of this study was to investigate the effect on the rat lung of exposUJ e to 

polymeric MDI aerosol for 6 hour.; per day, 5 days per week., over a period of 4 weeks. Since 

deposited aerosol is retained within the lung for a time period following exposure, additional 

groups of animals were retained for a period 30 days following exposure for investigation of 

recovery or p1ogression of lung responses . A detailed investigatior of the response included 

assessment of cell proliferation, assessment of any change in the :, • •-;. 'ming fluid and 

assoCiated free cell population, and light and electron microscopy. 

The purpose of this study was to assess the toxicity to female rats of polymeric MDI after 

inhalation exposure for 6 hours per day, 5 days per week, over a 4 week period and to monitor 

recovery from any effa1s obsetved over a further 30 days. The information obtained will help 

to determine whether the low carcinogenic potential of MDI found in long-term bioassay 

(Reuzel et al ~ 1994) may have its origin in non-genotoxic processes occurring in the respirator/ 

tract as an early response in chronic exposures. 

2.1 Regulatory guidelines 

This study was not conducted to any specific regulatory guidelines but conformed in part with 

the test guidelines ofOECD (OECD 1981), ofEEC (1992) and EPA (1988) . 

2.2 Justification for test system selection 

The Alpk:APfSD strain of rat was used because of the substantial background data available 

for this strain, in this Laboratory, relating to studies of this type . 

2.3 Selection of atmospheric concentrations 

The nominal atmospheric concentrations of 1, 4 and or I Omglm3 were selected in consultation 

with the Sponsor on the basis of findings from previoi.is sub-chronic and chronic inhalation 

studies with this test material. 
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POL YMEIUC MDI: 28 DAY REPEAT EXPOSURE STUDY IN FEMALE RATS (6 HOURS PER DAY S 
DAYS PER WEEK) AND POST EXPOSURE OBSERVATION PERIODS UP TO 30 DAYS 

2.4 Study dates 

The study was initiated on 15 July 1998. The first data collected on this study (trial 

generation) was 14 August 1998. The e)(perimental phase started on 9 September 1998 and 

was completed 24 February 1999. 

-

2.5 Data storage 

An original report, all raw data, samples and specimens pertaining to this study, with the 

exception of clinical pathology raw data, are retained in the Archiv~~. Central Toxicology 

Laboratory (CTL), Alderley Park, Macclesfield, Cheshire, UK Clinical pathology raw data 

are stored in the Safety of Medicines Archives, Zeneca Pharrnaceutkals, Alderley Park . 

3. TEST SUBSTANCE 

3.'a Test substance 

Name: 

Source: 

Colour: 

Physical state: 

Batch reference number: 

CTL test substance reference number: 

Polymeric l\IIDI (Suprasec 5005) 

E)( Hill House International. 

Dark brown 

Liquid 

Lab Ref982 

Y00122/021 

Polymeric composition: 

. ' %Di/MDI 44 .11 

22.94 %TriiMDI 

Storage conditions: Ambient temperature in the dark under 
nitrogen. 

The sample was tested as supplied and was used within the expiry date. A certificate of 
analysis is retained in the CTL archive. 
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POL YMERJC MDI : 28 DAY REPEAT E..'XPOSURE SnJDY IN FEMALE RATS (6 HOURS PER DAYS 
DAYS PER WEEK) AND POST EXPOSURE OBSERVATION PERJODS UP TO 30 DAYS 

4. EXPERIMENTAL PROCEDURES 

4.1 Atmosphere concentration 

4.1.1 Trial generation 

Trial generations were carried out prior to the start of exposure in order to: 

i) determine the appropriate generation system and conditions 

ii) detennine that required concentrations could be achieved 

iii) · obtain data on the aerodynamic particle size of the atmosphere generated 

4.1.2 Generation conditions 

A diagram of the atmosphere generation system is shown in Figure 1. Each test atmosphere 

was generated using a glass concentric-jet atomiser and a cyclone. The test substance was 

pumped to the atorniser using a peristaltic pump. Clean, dry air (dried and filtered using 

equipment supplied by Atlas·Copco, Sweden) was passed through the atomiser at nominal 

flow rates of 9/14. 5, 214 or 14/17//min~te (at normal temperature and pressure) for the l, 4 or 

1 Omg/m3 concentrlltions re11pectively ct.-,d carried the atmosphere to e~ch of the exposure 

chambers (internal volume of 46litres). Diluting air was added directly to the exposure 

chambers at flow rates of'35/40, 40/4l,or 30/40 //minute respectively for the 1, 4 or lOmglm 1 

--concentrations. Air flows were monitored and recorded at approximately 30 minute intervals 

using variable area flowmeters and were altered as necessary to maintain the target 

concentrations. 

4.2 Atmosphere sampling and analysis 

4.2.1 Gravimetric concentrations 

The paniculate concentration of each test atmosphere, close to the animals' breathing zone, 

was measured gra'¥imetrically at least twice per day. This was done by drawing each test 

Jtmosphere, at a known flow rate, for a known time, through a i.5mm diameter, glass fibre 

filter, Gelman Sciences Limited, Northampton, UK). The·atmospheric concentration of 

polymeric MDI was detennined gravimetrically for each exposure level by weighing the 
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material collected on the filters and this figure was taken as the concentration of polymeric 

MDI in the test atmospheres. 

The filter was weighed before and after the sample was taken. The concentration wa5 

calculated as follows: 

Concentration (mg/f) == post wt - pre wt ( mg) 
time (minute) x airflow (//minute) 

pre wt "" weight of filter prior to sampling 
post wt == weight of filter after sampling 

4.2.2 Analysed concentration 

The analysed concentration of each test · atmosphere, close to the animals' breathing zone, was 

measured daily by drawing each test atmosphere, at a known flow rate, for a known time, 

through a 2Smm diameter, Institute of Occupational Medicine (10M) sampler SKC Ltd., 

Blandford Forum, Dorset, UK., housed in an IOM open-faced filter holder. Prior to sampling, 

the 10M filters were impregnated with 1-(2-methoxyphenyl) piperazine (1,2-:MP) reagent . 

Following sampling the filters were removed, weighed, and the collected aerosol 

extracted/desorbed prior to analysis byHPLC. 

4.2.3 Atmospheric characterisation 

--The characterisation of the test atmospheres was carried out by analysing the material 

collected on the pre-impregnated 10M filters. The analytical method is given in Appendix A 

Full details of reagents, filter impregnation, extraction/desorption and analysis methods are 

provided in Hext (1996}. 

4.2.4 Aerodynamic particle size distribution 

Tr.e aerodynamic particle size distribution of each test atmospherr~ was measured once during 

each day for the first week, then once during each subsequent 5 day exposure period using a 

Marple Cascade Impactor (supplied by Schaefer Instruments Limited, Wantage, Oxon, UK) 

which aerodynamically separates airborne particles int() pre-determined size ranges. The 

amount of aerosol, by weight, in each size range, was then used to calculate the aerodynamic 

panicle size distribution ofthe aerosol. Using a microcomputer, the data were transformed 

using a log/probit transform and a linear regression derived from the cumulative data. 
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Using this regression line, the mass median aerodynamic diameter (MMAD) and geometric 

standard deviation (GSD) were calculated. Definitions of particle size are given in 

Appendix B. 

4.3 Experimental design 

4.3.1 Animals 

Species: 

Strain: 

Source: 

Sex/number: 

Specification (age) 

Rat 

Alpk: APrSD 
Rodent Breeding Unit, AJderley Park, 

Macclesfield, Cheshire, UK. 

146 females 

Approximately 7-9 weeks old at start of 
study . 

4.3.2 Accommodation and husbandry 

On arrival in the inhalation unit, the rats were housed 5 per cage in multiple rat racks suitable 

for animals of this strain and the weight range expected during the course of the study. 

The rats were transferred to clean cages and racks as necessary during the study. 

The animal room was designed to give the environmental conditions shown as follows: 

Temperature: · 

Relative humidity: 

Air: 

Light cycle: 

22±3°C 

30-70% 

At least 1 5 changes/hour . 
Artificial giving 12 hours light, 12 hours dark 

Both temperature and relative humidity were measured and recorded daily. In general, the 

recorded values were within the specified ranges and any deviations that were observed are 

considered not to have affected the integrity of the study. 

Diet, RMI , supplied by Special Diet Services Limited, Witham, Essex, UK and mains water, 

supplied by an automatic system were available ad libitum, except during exposure .. 

Each batch of diet is routinely analysed for ~omposition and for the presence of contaminants. 

Water is also periodically analysed for the presence of contaminants. No contaminants were 
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POLYMERIC MDI : 28 DAY REPEAT EXPOSURE STUDY IN FEMALE RATS (G HOURS PER DAYS 
DAYS PER WEEK) AND POST EXPOSURE OBSERVATION PERIODS UP TO JO DAYS 

found to be present in the diet or water at levels considered to be capable of interfering with 

the purpose or outcome of the study. Certificates of analyses are retained in the CTL 

Archives. 

4.3.3 Acclimatisation 

The animals were housed under the experimental conditions for approximately 2 weeks at 

CTL, prior to the start of the study. 

4.3.4 Animal randomisation and identification 

The animals were allocated to the groups using the method shown in Appendix C The 

individual animal numbers for each cage were determined by group and replicate ~d are 

shown in the rack plan (Appendix D). In addition, after acctimatisatioa, the rats were 

familiarised to the restraint rubes prior to exposure for 2, 4 and 6 hours on days -3, -2 and -l 

respectively. On the front of each cage of animals was a card identifying the contained animals 

by exposure concentration, group number, individual number, sex and study. The cage cards 

were colour-coded to correspond with exposure group. 

4.3.5 Atmospheric concentrations and exposure groups 

The study consisted of one control group· and three treatment groups, with 15 or :o females 

per group for the main study and 15 or 20 females per group for the recovery phase. 

The experimental numbers and the groups to which these rats were assigned are shown 

overleaf: . 
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ANIMAL NUMBERS AND TREATMENT GROUPS 

Examination on day 1 post emosure. 

Test Colour Cone. Animal Nos for Animal Nos for Animal Nos for Animal 
group code (mglm3

) lung lavage lung lavage lung lavage Nos for 
sample 1 for sample 2 for sample 3 for pathology 

enzymes and cell phospholipid .. · emical analysis 
analysis analysis of macrophages) 

1.1 blue 0 1-S 6-10 11-15 16-20 

1.2 green 1 2JM25 26-30 31-35 -.. 
1.3 yellow 4 36-40 41-45 46-50 

.. 
1.4 red 10 51-55 56-60 ·, 61-65 66-70 

Nos = numbers 

Examination on day 30 post-exposure. 

Test Colour Cone. · Animal Nos for Animal Nos Animal Nos for Animal Nos 
group code ( rrigl r.J?) lung lavage for lung lavage lung lavage for pathology 

sample I for sample 2 for sample 3 for 
enzymes and ceii phospholipid chemical analysis 

analysis analysis of macrophages) 

2 .1 blue 0 101-105 106-110 111-115 116-120 

2.2 green I 121-125 126-130 131-135 

2.3 yellow 4 136-140 141-145 146-J 50 

2.4 red 10 151-155 156-160 161-165 166-170 

N0s- numbers 

4.3.6 Exposure system 

The rats were exposed nose-only to the test atmospheres in restraining tubes suppl.ied by 

Battelle, Geneva, Switzerland. These were insened into a PERSFEX exposure chamber and 

the relative position of each rat in the exposure chamber was changed daily to ensure uniform 

exposure (Appendix E). The chamber was covered with an aluminium cone and stood on an 

aluminium base. The atmosphere was shown to be acceptably stable over approximately 30 

minutes before exposure of the test animals. During this period the holes of the exposure 

chamber were plugged. The animals were exposed for 6 hours per day, 5 days per week, over 

a period of 4 weeks . 
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POL YMERJC MDI: 28 DAY REPEAT EXPOSURE STUDY IN FEMALE RATS (6 HOURS PER DAY 5 
DAYS PER WEEK) AND POST EXPOSURE OBSERVATION PERIODS UP TO 30 DAYS . 

The temperature and relative humidity within each chamber was measured at frequent intervals 

during the exposure using a portable, digital temperature and relative humidity monitor. 

Within the chambers, the temperature ranged between 17.6 and 28 2°C and the relative 

humidity ranged between 4 and 58%. The daily averages are displayed in Appendix F 

Control animals were exposed to air only, but were otherwise treated in a similar manner to 

the test animals . 

4.3. 7 Duration of exposure 

The animals were first exposed on 9 September 1998 and were e:tposed for 6 hours per day, 5 

days a week over period of 4 weeks. 

4.3.8 Duration of recovery period 

The animals. designated for the recovery phase were exposed as for the mair. study then 

monitored for a further 30 days after the last exposure. 

4.4 Clinical observations 

Prior to the start of the study, all rats were exami~ed to ensure that they were physically 

normal and exhibited norlnal activity . During exposure, they were observed frequently and, at 

the end of the 6-hour exposure period, each rat was examined. Detailed clinical observations, 

__ included the fmding of no abnormalities detected were recorded on day 1 following exposure, 

weekly for the remainder of the study and prior to scheduled termination. 

4.5 Bodyweights 

The bodyweight of each rat was recorded on day I before the first exposure and thereafter 

once a week and prior to termination. 

4.6 BrdU labelling indices 

Animals designated for'S' phase analysis were implanted subcutaneously, on the dorsal 

surface, with osmotic Minipumps (Alzet modei2ML1), containing lSmg/ml BrdU, 7 days 

prior to scheduled termination. 
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4.7 Investigations post mortem 

4.7.1 Tennination 

All rats were killed by exsanguination (cardiac puncture) under terminal anaesthesia induced 

by euthetal. 

4.8 Examination of the lung lavage 

4.8.1 Cytology and clinical chemistry analysis 

The lungs were lavaged 6 times in situ . The first lavage sample from each designated animal 

was centrifuged separately and the supernatant retained for the measurement of clinical 

chemistry parameters; the supernatants from the 5 subsequent lavages were discarded. The 

pooled cell peUet from all 6 lavages was retained and resuspeaided in 1 mJ of phosphate 

buffered saline on ice for the cytological examinations. 

The total cell count was carried out on 100~ ofthe final cell suspension diluted 1110 by the 

addition of9001J.) of phosphate buffered saline prior to counting. The differential cell count 

was carried out on a 50j..tl quantity of the total cell suspensiod (well mixed by gentle hand 

shaking) from each animal and the slide prepared on a Cytospin 2 machine. The prepared 

slides were fixed in methanol for I 0 minutes and stained using the Romanowsky method. A 

manual differential count was performed dividing the cell population into three cell types: 

- alveolar macrophages, polymorphonuclear leucocytes and lymphocytes/other ceU types. This 

latter group comprised mononuclear cells lacking plentiful cell cytoplasm as seen in alveolar 

macrophages . 

The supernatant from the first lavage was retained on ice for examination of clinical chemistry 

parameters namely protein, lactate dehydrogenase activity, alkaline phosphatase activity and 

N-acetyl glucosaminidase activity . 

4.8.2 Phospholipid analysis 

The supernatant from the first 2 lavages was pooled, centrifuged, and separated from the cell 

pellet. The supernatant sample was stored at -20°C prior to analysis for phosphatidylcholins. 

The remaining 4 lavages were pooled, centrifuged and the supernatant discarded. The cells 

from these 4 lavages together with the cell pellet from the first 2 lavages were resuspended in 
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POL YMERJC MDI: 28 DAY REPEAT EXPOSURE STUDY IN f"EMALE RATS (6 HOURS PER DAY 5 
DAYS PER WEEK) AND POST EXPOSURE OBSERVATION PERIODS UP TO 30 DAYS 

phosphate bufft:r~d saline, re-centrifuged and all supernatant discarded. The pelleted cells 

were stored at -20°C prior to analysis for intracellular phosphatidylcholins. 

The method of analysis was based on that ofTakayama Metal 1977. 

The reagent kit was supplied by Roche Diagnostics, Bell Lane, Lewes, East Sussex, B~7 1 LG 

(catalogue number 691844) and was used as per instructions. The absorbance ofthe 

standards and samples was read at 500nm and compared with reagent blank. The reaction was 

linear up to a concentration of 1 OOOmg phospholipid/dl and any samples which exceeded this 

were appropriately diluted. The samples were analysed in a random order. 

Phospholipid concentration was calculated as follows: 

The concentration of the choline chloride standard solution was 54.1mg!dl corresponding to 

300mg phospholipids/dl [Mr774) (=3 .88mmoVl). 

Concentration =3 .88 x absorbance ofsamQle [mmoVI] 

absorbance of standard 

4.9 Lung weights 

Lungs (with trachea attached but larynx removed) were weighed from animals designated for 

pathology. 

-4.10 Macroscopic examination 

All animals desisnated for pathology were subjected to an examination post mortem. This 

involved an external observation and a careful examination of all thoracic and abdominal 
. , 

viscera, brain and cranial~cavity 

4.10.1 Tissue submission 

The following tissues were taken from all animals designated for pathology and preserved in 

10% neutral buffered fonnol saline. 

head* 
larynx* 
trachea* 
lungs 
mediastinal lymph nodes* 
jejunum 
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Tissues marked • were stored. 

4.10.2 Tissue processing 

I 0% neutral buffered formal saline was infused into the lungs via the trachea using a syringe. 

Sample5 of the lung tissue for electron microscopy were removed after fixation and transferred 

to a glutaraldehyde solution for post-fixation. 

The lung and jejunum from the BrdU implanted animals were processed for subsequent 

irnmunostaining and additional sections of lung were sectioned at S~m. and stained with 

haernatoxylin and eosin. 

4.10.3 Microscopic examination 

Sections stained with hatmatoxylin and eosin were examined by light microscopy. 

The BrdU labelling index in the terminal bronchioles was evaluated separately from that in the 

centro-acinar bronchiolar regions. For each area, a sufficient number of regions were assessed 

to give an ap·proximate total number of cells for each area for each animal of2000 cells. The 

number ofbronchiolar and alveolar cells that entered DNA synthesis over the labelling period 

were evaluated as a ratio against the total number of cells. 

4.10.4 Light microscopy of lavage pellet 

_.Macrophages in tht: preparations from the lavage fluid used for differential counts were 

examined for the presence of vacuoles. One preparation from each animal was examined. The 

number of macro phages with distinct vacuoles, termed foamy macrophages, was estimate-d 

subjectively over the whole slide. 

4.10.5 Electron microscopy 

The glutaraldehyde post-fixed samples oflung tissue were embedded in epoxy resin and 

semithin sections were prepared. Toluidine blue stained semithin slides were examined and 

assessed. From selected areas ultrathin sections were prepared and examined by electron 

microscopy. 
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POLYMERlC MDI: 28 DAY REPEAT EXPOSURE STUDY IN FEMALE RATS (6 HOURS PER DAY 5 
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5. DATA EVALUATION 

All data, with the exception of foamy macrophages, were evaluated using analysis of variance 

and/or covanance using the ffCM Procedure in SAS ( 1989) package. Details of the statistical 

methods used arc given in Appendix G. 

6. RESULTS 

6.1 Atmosphere analysis 

6.1.1 Particulate concentrations 

The study mean (mean of daily means) concentrations[± standard deviations (SO)] 

determined gravimetrically were as follows: 

,-- l 
Group Target Polymeric MDI concentration Total particulate concentration (mg/f) 

mglm3 Mean± SD 
2 1 0.93 ± 0.39 
3 4 3.88 ± 0.87 
4 10 10.3 ± 2.31 

6.1.2 Analysed concentrations 

The overall mean analysed concentrations are shown overleaf and the daily mean 

concentrations are shown in Table 1. While some variability between the Di, Tri and 

gravimetric analyses is evident, overall there is good correlation between analysed and 

gravimetric concentrations. The sum ofthe Di+Tri polyme1s will always be less than the 

gravimetric total because polymeric MDI is 40-50% Di, 20-25% Tri and the rest is higher 

homologues. 

Total particulate Di-MDI Tri-.MDI Di!Tri Ratio 

(mg.m/3) (mg.m/3) (mg.m/3) 
-

0.93 0.41 0.2 2 .07 

3.88 1.5 0.73 2.1 

10.3 84 ~ 77 2.25 
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POLYMERIC MDI: 28 DAY REPEAT EXPOSURE STUDY IN FEMALE RATS (6 HOURS PER DAY .5 
DAYS PER WEEK) AND POST EXPOSURE OBSERVATION PERIODS UP TO 30 DAYS 

The analysed Di:Tri ratio is close to that in the sample supplied. The gravimetric 

concentrations (Section 6.11) are considered to represent the true overall concentrations of 

polymeric MDI and hence will be used to su!Jsequently descr?be the test groups (Table 1). 

6.1.3 Aerodynamic particle size distribution table 

The mean aerodynamic particle size distribution of the total particulate was extrapolated from 

the data and the overall study means are as follows: 

Group Total particulate Median size (MMAD) GSD 
concentration mg/m3 

(~m) . 

2 0.93 1.14 2.47 
3 3.88 1.61 1.95 
4 10.3 1.09 1.68 

Individual values are given in Table 2. 

6.2 Clinical observations 

6.2.1 Mortality 

There were no deaths. 

6.2.2 Observations during exposure 

Throughout the exposure period animals in all groups were wet and stained around the nose 

--with the incidence of these findings increasing with the time of the exposure . These 

abnormalities are generally associated with restraint. 

6.2.3 Observations during exposure and recovery phase 

Clinical changes during the main study were confined to 1 animal exposed to 10 . 3~mglm3 . 

These observations were cold, hunched appearance, pale, and piloerection and occurred on 

days 26/27 ofthe·study. In view of the late onset ofthese changes and that no other animal in 

the group showed any clinical abnormalities it is considered that they were unrelated to 

exposure to MDI. There were !'IJ clinical changes during the recovery phase of the study 

(Table 3) . 
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6.3 Bodyweights 

Bodyweights in all groups were comparable to controls throughout the exposure and recovery 

periods (Figures 2 - 3, Table 4). 

6.4 Investigations post mortem 

6.5 Lung lavage 

6.5.1 Examination of lung lavage- cytology 

The total cell count, alveolar macrophages, polymorphonuclear leucocytes and 

lymphocyte/other cells were. counted in the lung lavage fluid. There was a statistically 

significant increase in both the total number of cells counted and of alveolar macro phages in 

the main study at 1 0.3mglm3
·, and a slight (but not statistically significant) increase in these 

counts at 3.88mglm3
• Polymorphonuclear leucocytes and lymphocyte/other cells showed a 

statistically significant, dose-related increases at 3.88 and 10.3mglm3
. At the end ofthe 

recovery phase, cell counts in exposed animals had returned to normal numbers and 

distribution (Figure 4, Table 5). 

6.5.2 Examination of lung lavage· clinical chemistry 

Total protein, alkaline phosphatase, lactate dehydrogenase and N-acetyl glucosam.inidase 

activities were measured in the lung lavage fluid . Total protein and alkaline phosphatase 

activity were statistically significantly increased in main study animals exposed to 10.3mglm:· 

MDI. Lat:tate dehydrogenase and N-acetyl glucosaminidase activities at this exposure level 

were comparable to control values. ~1 other treated groups in the main study and at the end 

of the recovery phase showed values ~imilar to controls (Figure 5, Table 5) . 

6.5.3 Examination of lung lavage - phosphattdylcholins 

The level of phosphatidylcholins was measured in the lung lavage supernatant and in the cell 

pellet. In the main study there was an increase in phospholipids in both the supernatant lung 

lavage fluid and in the lung lavage cell pellet at 10.3mg/m3
. The cell pellet phospholipid 

concentration was also increa:;,;d at J.88r.1g/m3
. No differences from control values were seen 

at the end of the recovery pha~~ ("t- tgure 6, Table 5). 
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6.6 Lung weights 

Main study animals exposed to 10.3mglm3 showed an increase in lung weight and in lung 

weight adjusted for terminal bodyweight. The lung weights of all other treated groups were 

comparable to control values (Figure 7, Table 6). 

6.7 BrdU labelling indices 

In main study animals there was a statistically significant, dose-related, increase in BrdU 

labelling index in tenninal bronchioles at all exposure levels. A similar increase was seen in 

centro-acinar alveoli in animals exposed to 10.3 and 3.88mglm3 MDI. Animals exposed to 

0.93mg/m3 MDI showed an increase in labelling index but this did not achieve statistical 

significance. At the end of the recovery phase animals labelling indices were similar to 

contrds at all ·exposure concentrations (Figure 8 Table 7). 

6.8 Pathology examination 

6.8.1 Macroscopic examination 

There were no macroscopic abnormalities. 

6.8.2 Microscopic examination 

All m1in study animals exposed to 10.3mglm3 MDI showed an increase in bronchiolitis, 

-thickening of the central acinar region and an increase in the number of alveolar macro phages 

containing yellow pigment. In animals exposed to 3.88mglm3
, 1/5 animals showed thickening 

of the central acinar region and bronchiolitis and 1/5 animals exposed to 0.93mglm3 showed 

bronchiolitis. 

After the recovery phase, alveolar macrophages containing a yellow pigment were present m 

the interstitium in all animals that had been exposed to 10.3 mglm3 MDI but were absent in 

animals exposed to 0.93 or 3.88mglm3
. In addition, 115 animals exposed to 10.3mglm3 MDI 

still had bronchiolitis and centro-acinar thickening but at a reduced severity and distribution to 

that seen in the main study (Table 8). 

6.8.3 Light microscopy of lung lavage cell pellot 

Main study animals exposed to 10.3mglm3 MDI showed a large increase in the number of 

macrophages containing vacuoles (foamy macrophages) when compared to controls with the 
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effect b~ing of similar incidence but reduced severity in animals exposed to 3. 88mg/m~ MDI. 

All other treated groups were comparable to controls (Table 9). 

6.8.4 Electron microscopy 

Animals on the main study exposed to 10.3mglm3 MDI showed a slight thickening of the 

interstitial alveolar wall in 3/5 animals. The thickening in the centro-acinar region was due to 

thickening of the interstitium, which is partly attributable to the absorption of alveolar 

macrophages and partly due to excess collagen. In alveolar Type II cells, minimal dose-related 

increases were noted in the size of the lamellar bodies (increases in the number of lamellar 

bodies were considered not to be compound-related). 

Compound-related increases in the .levels of surfactant were noted in the alveolar macrophages 

and lumen. In the alveolar macrophages, minimal to slight increases in lamellar surfactant 

were associated with minimal and moderate increases in amorphous surfactant in animal~ 

exposed to 10Jmglm3 MDI. In the alveolar lumen, minimal to moderate increases in cell 

debris were noted in animaJs exposed to 10.3 or 3.88mglm3 MDI. Associated with these 

increases in ceJJ debris were increases in the amount of crystalline and lamellar surfactant. Not 

all of the above chang~s showed a dose-response relationship. 

In the recovery phase 1/5 ofthe animals exposed to 10.3mglm3 MDI showed residual 

_thickening of the interstitial alveolar wall. Macro phages showed minimally increased levels of 

amorpho~s surfactant over controls but this change was reduced in comparison to that 

observed on the main study. In addition surfactant and debris levels were also reduced in the 

alveolar lumen when compared to the main study but were still higher than in the controls 

(Table 10). 

7. DISCUSSION 

The purpose ofthis study was to assess the toxicity to female rats of polymeric MDI after 

inhalation exposure for 6 hours per day, 5 days per week, over a period of 4 weeks and to 

monitor recovery from any effects observed over a further 30 days; this was successfully 

accomplished. The health of the rats was satisfactory and there was no evidence of disease or 

infection which might have compromised the interpretation of the findings . 
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The characteristics of the test atmospheres were: acceptable with regard to the aims of the 

study. 

Clinical findings during exposure ofwet fur and stained around the nose are generally 

associated with restraint and were considered to be of no toxicological significance. There 

were no other clinical changes considered to be r·elated to exposure to MDI and no effects on 

bodyweights. 

Analysis ofbronchoalveolar lavage fluid showed changes· in the majority of parameters a~ 10.3 

mg/m'. Total ceU count was increased statistically significantly: This was accounted for by 

increases in alveolar macrophages, pol;rnorphonuclear leucocytes (PMN's) and 

lymphocytes/other cell types. Additionally, the percentage of each of the cell types in relation 

to the total had· changed compared with controls. Whereas macrophages constitute over 99% 

of cells in the control rat lung, this wa'i reduced to 84% in rats exposed to 10.3 mglml MDI, 

with PMN's and lymphocytes/other cell types representing the remainder .. Small changes were 

also seen in these cell parameters at 3.88 mglm'. At both concentrations increased numbers of 

"foamy" macrophages were seen and correlate with the increased analysed phospholipid 

content of the lavaged cells. Following the recovery period all parameters had returned to the 

nonnal range of values. 

Some lavage fluid parameters showed moderate increases at 10.3 mglml only. Following the 

recovery period these parameters had returned virtually to nonnal although a few individual 

animals appeared to have retained increased protein and LDH values. 

In the terminal bronchioles there was a concentration-related increase in cell proliferation at 

all concentrations. A similar pattern was seen in the centro-acinar alveoli but the apparent 

small increase at 0.93 mg/m3 did not achieve statistical significance. Combination of both 

regions for comparison with the results from the 2-week study showed statistically significant 

increases at all concentrations. A return to control proliferative rates was evident at the end of 

the recovery period. 

Compound-related increases in the levels of surfactant were noted in the alveolar macro phages 

and lumen. In the alv~olar macrophages, minimal to slight increases in lamellar surfactant 
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were associated with minimal and moderate increases in amorphous surfactant in animals 

exposed to l0.3mg/m3 ~IDI. In the alveolar lumen, minimal to moderate increases in cell 

debris were noted in animals exposed to 10.3 or 3.88mglm3 MDL Associated with these 

increases in cell debris were compound-related increases in the amount of cryst~iline and 

lamellar surfactant. Not all of the above changes showed a dose-response relationship. In the 

recovery phase 1/5 ofthe animals exposed to l0.3m!Ym3 MDI showed residual thickening of 

the interstitial alveolar wall. Macrophages showed minimally increased levels of amorphous 

surfactant over controls but this change was reduced in comparison to that observed on the 

main study. In addition surfactant, surfactant and debris levels were also reduced in the 

alveolar lumen when compared to the main study but were still higher than in the c<?.ntrols. 

The increased amounts of material, considered to be pulmonary surfactant, in the lumen and 

alveolar macrophages together with moderate increases in alveolar type II cell lamellar bodies 

(numbers and size) were consistent with the increased phospholipids measured in the cells and 

lavage fluid and indicate a mild disturbance of surfactant homeostasis 

The findings in this study are consistent with exposure to a mildly irritant aerosol. 

8. CONCLUSION 

Animals exposed nose·only, for 6 hours· per day, 5 days per week over a period of 4 weeks to 

polymeric 1\IDI at a concentration of 10.3mg/m3 showed significant changes in most 

parameters. While many parameters showed little or minimal changes at 0.93, 3.88. There 

was an exposure-concentration related effect on cell proliferation at all concentrations. · 

Recovery phase animals showed that most parameters had returned to normal but residual 

changes consequent to previous increased levels oflung surfactant were still apparent. 
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GLOSSARY FOR FIGURES 2-8 

Key: 

The nominal concentrations of 1, 4 or I Omglm3 quoted on the Figures equate to the achieved 

concentrations of0.93, 3.88 or l0.3mg/m3 respectively. 

Figures 4-8 

Bars r~present mean +95% confidence limit. 

Rec. recovery phase 
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FIGURE 3 - STATISliCAL ANALYSIS OF BODYWEIGHT ADJUSTED FOR INITIAL WEIGHT 
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GROUP MEAN LAVAGE SUPERNATANT PHOSPHOLIPID CONCENTRATION (mmol/1) 
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POLYMERIC MDI : 2M DAY REPEAT EXPOSURE S11JDY IN FEMALE RATS (6 HOURS PER DAY 5 . 
DAYS PER WEEK) AND POST EXPOSUIU:. OBSERVATION PERJODS UP TO 30 DAYS 

FIGURE 6 -LUNG LAVAGE 
GROUP MEAN LAVAGE CELL PELLET PHOSPHOLIPID CONCENTRATION 
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POLYMERIC MDI: 21l DAY REPEAT EXPOSURE STUDY IN FEMALE RATS (6 HOURS PER DAY 5 
DAYS PER WEEK) AND POST EXPOSURE OBSERVATION PERIODS UP TO 30 DAYS 

FIGURE 7 - GROUP MEAN LUNG WEIGHT (g) 
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POL YMERJC MDI : 28 DAY REPEAT EXPOSURE STUDY IN FEMALE RATS (6 HOURS PER DAY S 
DAYS PER WEEK) AND POST EXPOSURE OBSERVATION PERJODS UP TO 30 DAYS 
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FIGURE 8 • BROU LABELLING INDICES 
GROUP MEAN TERMINAL BRONCHIOLES (%) 
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POL YMERJC MDI • 28 DAY REPEAT EXPOSURE STUDY lN FEMALE RATS ((, HOURS PER DAY S 
DAYS PER WEEK) AND POST EXPOSURE OBSERVATION PERlODS UP TO 30 DAYS 
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FIGURE 8 - BRDU LABELLING INDICES 
GROUP MEAN CENTRO-ACINAR ALVEOLI ('k) 
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POLYMERIC MDI: 28 DAY REPEAT EXPOSURE STUDY IN FEMALE RATS (6 HOURS PER DAY 5 
DAYS PER WEEK) AND POST EXPOSURE OBSERVATION PERIODS UP TO 30 DAYS 

TABLE 1 -ATMOSPHERIC CONCENTRATIONS OF 01-MDI GROUP 2 

Exposure Di-Mdi Polymeric MDI Percent Di!Tri ratio 
Date Analysed Gravimetric Total Paniculate 

Concei atration Concentration 
Daily Daily Daily Mean 

Mean(mglm3) Mean(mglm3) 

09-Sep-98 0 .56 1.17 773 2.07 
10-Sep-98 0.37 1.19 26.9 2 06 
1 1 -Sep-98 0.31 0.53 . 57.4 2 .21 
12-Sep-98 0.78 1.39 56.7 2.36 
13-Sep-98 0.73 2.04 38 .0 2.03 
14-Sep-98 0 .65 1.41 46.1 .. 1.97 
16-Sep-98 0.76 l . 11 67.4 1.95 
17-Sep-98 0 .51 0.74 68 .9 2.13 
18-Sep-98 0.43 0.84 62 :0 l.95 
19-Sep-98 0.41 0 .77 53 .3 1.95 
20-Sep-98 0 .37 0.95 39.1 1.95 
21-Sep-98 0 .39 0.72 57.0 1.95 
23-Sep-98 0 .04 0.40 10.0 4.00 
24-Sep-98 0 .16 0.88 19.0 1.78 
25-Sep-98 0 .29 0.43 87.6 2.07 
26-Sep-98 0 .36 1.34 26.8 2.00 
27-Sep-98 0.20 0 .66 30.3 1.82 
28-Sep-98 0.18 072 24 .0 2.25 
30-Sep-98 0 .22 0.44 66.8 1.69 
01-0ct-98 0.38 1.08 44.4 1.90 
02-0ct-98 0 .34 0 .85 41 .5 1.89 
03-0ct-98 0.55 0 .86 88 .8 1.96 
04-0ct-98 0.18 0.46 38.4 2.00 
05-0ct-98 0.61 1.31 47 .8 1.85 

Mean 0.41 0.93 49 Q 2.07 
SD 0.20 0.39 21.0 0.44 

SD =Standard DeVIatiOn 

CTUP/6191 - 51 
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POLYMERJC MDI: 28 DAY REPEAT·EXP03URE STUDY lN FEMALE RATS (6 HOURS PE::R DAY 5 
DAYS PER WEEK) AND POST EXPOSURE OBSERVA TlON PERJODS UP TO 30 DAYS 

TABLE 1 -ATMOSPHERIC CONCENTRATIONS OF TRI-MDI GROUP 2 

Exposure Tri-Mdi Polymeric MDI Percent 
Date Analysed Gravimetric Total Particulate 

Concentration Concentration 
Daily Daily Daily Mean 

Mean(mw'm3) Mean(mg/m3) 

09-Sep-98 0 .27 1.17 38.6 
10-Sep-98 0.18 1.19 13.0 
11-Sep-98 0.14 0.53 . 26.3 
12-Sep-98 0 .33 1.39 24.3 
13-Sep-98 0.36 2.04 18.7 
14-Sep-98 0.33 1.41 23 .1 
16-SP.p-98 0.39 1.11 34.4 
17-Sep-98 0 .24 0.74 31 .7 
18-Sep-98 0.22 0.84 31.5 
19-Sep-98 0.21 0.77 27.1 
20-Sep-98 0.19 0.95 19.8 
21-Sep-98 0 .20 0.72 29.6 
23-Sep-98 0.01 0.40 2 .5 
24-Sep-98 0.09 0.88 I 0.1 
25-Sep-98 0 .14 0.43 45 .1 
26-Sep-98 0.18 1.34 13 .8 
27-Sep-98 0.11 0.66 15.9 
28-Sep-98 0.08 0.72 10.6 
30-Sep-98 0.13 0.44 38.5 
01 -0ct-98 0.20 1.08 23.5 
02~0ct-98 0 . I 8 0.85 20.9 
03-0ct-98 0.28 0.86 46.5 
04-0ct-98 '0 .09 0.46 19.2 
05-0ct-98 0.33 1.31 25~5 . 

Mean 

I 
0.20 0 .93 24.6 

SD 0.10 0 .39 11 . 1 
SD = Standard Deviation 

CTL/P/(i 191 - 52 
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POLYMERIC MDI : 28 DAY REPEAT EXPOSURE STUDY IN FEMALE RATS (6 HOURS PER DAY 5 
DAYS PER WEEK) AND POST EXPOSURE OBSER VAT! ON PERIODS UP TO 30 DAYS 

TABLE 1 - ATMOSPHERtC CONCENTRATIONS OF DI-MDI GROUP 3 

Exposure Di-Mdi Polymeric MDI Percent Diffri ratio 
Date Analysed Gravimetric Total Particulate 

Concentration Concentration 
Daily Daily Daily Mean 

Meaf1(mg/m3J Mean(mglm3) 

09-Sep-98 0.89 2.54 32.6 2.07 
10-Sep-98 0.97 1.65 52.3 2.94 
11-Sep-98 1.79 4 .38 44.2 2.45 
12-Sep-98 1.32 3.43 37.9 2.54 
13-Sep-98 1.27 3.34 43 .9 1.98 
14-Sep-98 0.93 2.96 30.6 2.02 
16-Sep-98 1.77 3.53 50.0 2.01 
17-Sep-98 1.57. 3.56 44 .7 2. 1& 
18-Sep-98 I .75 4 .53 38.5 1.90 
19-Sep-98 I .69 3.85 44 .0 1.86 
20-Sep-98 1.65 4 .84 34 .0 I .94 
21-Sep-98 1.65 3 .91 42.1 1.94 
23-Sep-98 1.22 4.16 29.6 2.39 
24-Sep-98 1.56 3.89 40.4 1.90 
25-Sep-98 1.60 3.62 44.4 1.90 
:l l) ~Sep-98 1 .31 4.12 33.1 1.96 
27-Sep-98 1.64 4 .93 33 .5 2.28 
28-Sep-98 1.38 4.28 31.6 2.23 
30-Sep-98 1.63 4.68 35 .0 2.40 
01-0ct-98 0.99 2.96 38 .8 1.94 
02-0ct-98 3.02 5.98 53.4 1.81 
03-0ct-98 1.48 4.04 35.1 1.83 
04-0ct-98 1.38 4.01 35 .0 1.94 
05-0ct-98 1.47 ' , . 4.02 36 .7 1.96 

Mean I .50 3.88 39.2 2.10 
SD 0.42 0.87 6.8 0.28 

SD = Standard Deviation 

CTIJP/6191 - ~3 
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POL YMERJC MDI : 28 DAY REPEAT EXPOSURE SnJDY IN FEMALE RATS (6 HOURS PER DAY 5 
DAYS PER WEEK) AND POST EXPOSURE OBSERVATION PERIODS UP TO 30 DAYS 

TABLE 1 ·ATMOSPHERIC CONCENTRATIONS OF TRI-MOI GROUP 3 

Exposure I Tri-Mdi Polymeric l.\1Dl Percent 
Date Analysed Gravimetric Total Paniculate 

Concentration Concentration 
Daily Daily Daily Mean 

Mean(mg/mJ) Mea'!{~m3) 

09-Sep-98 0.43 2.54 15 .8 
10-Sep-98 0.33 1.65 19.5 
11-Sep-98 0.73 4.38. 17.1 
12-Sep-98 0.52 3 .43 15 .3 
13-Sep-98 0.64 3.34 21.9 
14-Sep-98 0.46 2.96 15 .2 
16-Sep-98 0.88 3.53 24.8 
17-Sep-98 0.72 I 3.56 20.3 
18-Sep-98 0.92 l 4.53 20.3 
19-Sep-98 0.91 3.85 23 .8 
20-Sep-98 0.85 4 .84 17.5 
21-Sep-98 0.85 3.91 21.6 
23-Sep-98 0.51 4 .16 12.4 
24-Sep-98 0.82 3.89 21.2 
25-Sep-98 0 .84 3.62 23 .3 
26-Sep-98 0.67 4.12 16.9 
27-Sep-98 . 0.72 4.93 14.6 
28-Sep-98 0.62 4.28 14.4 
30-Sep-98 0 .68 4.68 14.2 
01-0ct-98 0.51 2.96 20.3 
02-0ct-98 1.67 5.98 29.6 
03-0ct-98 0.81 4.04 19.0 
04-0ct-98 0.71 4.01 18.0 
05-0ct-98 0.75 4.02 18.8 

Mean 0.73 3.88 19.0 
SD 0.26 0.87 4 .0 

S D = Standard Dev1at1on 

CTIJP/6191 • 54 
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POLYMERIC MDI : 28 DAY REPEAT EXPOSURE STIJDY IN FEMALE RATS (6 HOURS PER DAYS 
DAYS PER WEEK) AND POST EXPOSURE OBSERVATION PERIODS UP TO 30 DAYS 

TABLE 1 • ATMOSPHt:t-tiC CONCENTRATIONS OF 01-MDI GROUP 4 

Exposure Di·MDI Polymeric MDI Percent Di/Tri ratio 
Date Analysed Gravimetric Total Paniculate 

Concentration Concentration 
Daily Daily Daily Mean 

Mean(mg/m3) Me~m_g{_m3) 

09-Sep-98 4.36 10.40 41.8 2.06 
10-Sep-98 2.91 7.05 41.7 2.37 
11-Sep-98 1.41 4 .95 40.1 2.43 
12-Sep-98 4.90 13.70 35.8 2.07 
13-Sep-98 3.21 7.48 42 .8 2 .. 07 
14-Sep-98 5.61 11.89 47.0 1.90 
16-Sep-98 5.30 9.52 55 .4 2.11 
17-Sep-98 4.28 8.81 48.5 2.29 
18-Sep-98 4.14 11 .38 35.8 2.05 
19-Sep-98 4.22 10.34 41.4 1.96 
20-Sep-98 3.16 7.47 42 .3 2.16 
21-Sep-98 4.09 8.63 48 .9 2.06 
23-Sep-98 4.69 11 .53 40.7 1.99 
24-Sep-98 4 .05 9 .45 43 .2 2.26 
25-Sep-98 4.56 12.58 36.4 2.53 
26-Sep-98 3.34 8.30 44 .0 2.! 5 
27-Sep-98 4.05 12.52 32.8 2.93 
28-Sep-98 1.73 13.01 13 .3 2.93 
30-Sep-98 2.33 8.34 27.9 2.68 
01-0ct-98 2.29 12.26 19.2 2.66 
02-0ct-98 4.17 12.18 34.9 2.11 
03-0ct-98 5.62 13.58 41.3 1.97 
04-0ct-98 4.84 10.59 47.3 2.15 
OS-Oct-98 2.91 11 .24 28.9 2.09 

Mean 3.84 10.30 38.4 2.25 
so 1.1 5 2.31 9.8 0.30 

SD = Standard DevJatJon 

CTUP/6191 - 55 
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POLYMERIC MDI: 28 DAY REPEAT EXPOSURE STIJDY IN FEMALE RATS (6 HOURS PER DAY 5 
DAYS PER WEEK) AND POST EXPOSURE OBSERVATION PERIODS UP TO 30 DAYS 

TABLE 1 -ATMOSPHERIC CONCENTRATIONS OF TRI-MDI GROUP 4 

Exposure Tri-Mdi Polymeric MDI Percent 
Date Analysed Gravimetric T otaJ Paniculate 

Concentration Concentration 
Daily Daily Daily Mean 

Mean_( mg.lm3_} Mean(mg/m3) 

09-Sep-98 2.12 10.40 20.4 
10-Sep-98 1.23 7.05 17.4 
11-Sep-98 0.58 4.95. 16.9 
12-Sep-98 2.37 13.70 17.3 . 
13-Sep-98 1.55 7.48 20.8 
14-Sep-98 2.95 1189 24.7 
16-Sep-98 2.51 9.52 26.2 
17-Sep-98 1.87 8.81 21.1 
18-Sep-98 2.02 J 1.38 J 7.3 
19-Sep-98 2.15 10.34 21.1 
20-Sep-98 1.46 7.47 19.5 
21-Sep-98 1.99 8.63 23.6 
23-Sep-98 2.36 11 .53 20.5 
24-Sep-98 1.79 9.45 19.3 
25-Sep-98 180 12.58 14.7 
26-Sep-98 1.55 8.30 21.1 
27-Sep-98 1.38 12.52 11.4 
28-Sep-98 0.59 13 .01 4.6 
30-Sep-98 0 .87 8 .34 10.4 
01-0ct-98 0 .86 12.26 7.0 
02.:0ct-98 1.98 12.21 16.6 
03-0ct-98 2.85 13 .58 20.9 
04-0ct-98 2.25 10.59 22.1 
OS-Oct-98 1.39 11 .24 14. 1 

Mean 1.77 10.30 17.9 
SD 0.65 2 .31 5.3 

SD = Standard D~VJatJon 

CTIJP/6191 - 56 



06 
POLYMERIC MDI: 28 DAY REPEAT EXPOSURE STUDY IN FEMALE RATS (6 HOURS PER DAYS . 

DAYS PER WEEK) AND POST EXPOSURE OBSERVATION PERIODS UP TO 30 DAYS 

TABLE 2 ·AERODYNAMIC PARTICLE SIZE DISTRIBUTjQN 

Day No Group 2 Group3 Group4 
Dy GSD Dso GSD Dso GSD 

I 0.96 1.51 
2 0 .81 1.55 
3 1.32 3.08 1.41 2.01 1.23 1.80 
4 0 .85 1.84 1.43 1. 76 1.37 1.46 
5 0.93 1.85 1.80 2.37 1.03 1.46 
6 0 .68 1.92 1.52 1.49 1.27 1.52 

.. 

7 1.25 3.58 
8 1.79 1.78 
9 2 .11 1.51 

14 1.48 2.9'1 2.05 2.79 
15 0.53 1.89 

19 0.73 2.63 
20 0 .86 1.50 
21 1.47 2.08 
22 1.26 1.47 

GSD - geometric standard dev1at1on 

Dso - mass median aerodynamic diameter 

CTIJP/6191 - 57 
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POLYMERIC MDI : 28 DAY REPEAT. EXPOSURE STIJDY IN FEMALE RATS (6 HOURS PER DAYS 
DAYS PER WEEK} AND POST EXPOSURE OBSERVATION PERIODS UP TO 30 DAYS 

GLOSSARY FOR TABLE 3 

Key:-

The following abbreviaiions may appear in this Table. 

NO. OFOBS 

NO 

Number of C'bservations. This may represent the recording of 
an ob:;erva_tion on more than one occasion during the day for 
any individual· animal. 
number 

SEE FREE TEXT - free text comments are displayed in the Individual animal data 

supplement 

. CTUP/6191 - 58 
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POL YMERlC MDI: 28 DAY REPEAT EXPOSURE STUDY IN FEMALE RATS (6 HOURS PER DAY S DAYS PER WEEK) AND POST EXPOSURE 
OBSERVATION PERIODS UP TO 30 DAYS 

TABLE 3 - INTERGROUP COMPARISON OF CLINICAL OBSERVATIONS 

. -
SU : PDaLII 0 0 . 93 ) . 88 10 . 30 

..g/m3 BJ/1113 .,;83 D1fi/'IA3 

COLD 
110. OP 011.1 • 1 

110 . or ANDALS 1 
DA.'lS PR£IM - 'rO 2C5 26 

IITJMCIIIU) 
MO . OP OilS . 2 

NO. or .IIHDal.S 1 
DAYS not - '1'0 2C5 27 

1tu.um r~rmr 
110 . or oes . 40 30 30 40 

110. or ANIM~U.S 40 30 30 40 
DAYS .,._ - '1'0 27 56 27 u 27 5I 27 se 

KIU.OCCLUSIOlf 
MO . or oas. ' 110. or AMDGU.S 1 

DAYS P1IClM - '1'0 8 13 

i'AL& 
NO . OP 085 . 2 

NO . or ANDO.J.S 1 
DAYS niOM - '1'0 26 27 

P:rLO.UC'riON 
NO. OP OilS. 2 

NO. or~ 1 
DAYS ncM - ro 26 27 

sa rar; nxY 
1110 . or oes . ' NO. or NC:u.LS 1 

DAYS I'1IICM - '1'0 a 13 

CTIJP/6191 - 59 
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POLYMERJC MDI: 28 DAY REPEAT EXPOSURE STUDY IN FEMALE RATS (6 HOURS PER DAY 5 
DAYS PER WEEK) AND POST EXPOSURE OBSER VA TlON PERl ODS UP TO 30 DAYS 

GLOSSARY FOR STATISTICAL TABLES 4·7 

Key to results of statistical tests:-

•• Statistically significant difference from the control group mean at the l% level 

(Student's t-test, two-sided). 

• Statistically significant difference from the control group mean at the 5% level (Student's t

test, two-sided). 

• Key: 

• SD - standard deviation 

• N - number of animals analysed 

Adjusted mean: 

Group mean bodyweight corrected for intergroup differences in group mean initial 

bodyweight. The adjusted means are calculated statistically using analysis of covariance. The 

size of the adjustment is detennined by the size o.f the intergroup differen~..e in group mean 

initial bodyweight and the strength of the relationship between initial bodyweight and 

subsequent bodyweights. 

Organ weight adjusted for bodyweight: 

Group mean organ weights corrected for intergroup differences in group mean • --:rminal 

bodyweight. The adjusted means are calculated statistically using analysis of covariance. The 

size of the adjustment is determined by the size of the intergroup difference in group mean 

terminal bodyweight and the strength of the relationship between organ weight and terminal 

bodyweight (Shirley 1996). 

CTLIP/6191 - 60 

E 



E lQ 
POL YMERJC MDI: 28 DAY REPEAT EXPOSL'RE STUDY IN FEMALE RATS (6 HOURS PER DAY S 

DAYS PER WEEK) AND POST EXPOSURE OBSERVATION PERIODS UP TO 30 DAYS 

GLOSSARY FOR STATISTICAL TABLES 4-7 

Data omitted from the statistical analysis 

For n-acetyl glucosaminidase all missing values were recorded as below the limit of detection 

(3) . The omission of these values has not affected the interpretation. 

Lung- female 149, day 56. 

CTI..JP/6191 - 61 
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POLYMERIC MDI: 28 DAY REPEAT EXPOSURE STUDY IN FEMALE RATS (6HOURS PER DAYS DAYS PER WEEK) AND POST EXPOSURE 
OBSERVATION PERIODS UP TO 30 DAYS 

TABLE 4 • INTERGROUP COMPARISON OF BODYWEIGHTS (g) 

MAIN STUDY 
eon-uatl- c-.1•'1 

OCControl.) o.u 3 . 11 10 . 3 

Day 1 MllJIN 232.4 233 . 5 236 . 2 233 . 0 
S.l) . 11 . 1 t.1 1S . t 12 . 6 .. 20 15 15 20 

Day. ..... 2U . 4 23P . O 243 . 1 2U . t 
1 . 1). 11 . 1 10 . 4 11 . 5 13 . 2 .. . 20 15 111 20 

AD.NSTlltl IICDM 245.1 23P.8* 241 . 1 20.1 

Day 15 ..... 250 . 7 245 . 1 250 . 1 253 . 3 
11 . 1) . 10 . 7 11 . 1 11 . 1 11 . • 
IC 20 15 15 20 

AI).JOSTG) HUif 252 . 0 247 . 0* 241 . 8 252 . 7 

Day 22 HUif 2U . l 251 .• 213.3 215 . 1 
1 . 1) . 12 . 1 U . l 11.0 13 . 3 
If 20 15 15 20 

A:>.:JUSTED MEAN 2U . 8 2119 . 1 211.6 2115 . 1 

Day 27 HIAM 258 . 1 258.1 2U . 2 UO . f 
S . l) . 14 .2 U.l 15 .1 14 . 3 ., 20 15 15 20 

AD.:JUS'rBD MEAN 260 . 4 257 . 8 2'1 .5 2U . t 

" 
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POL YMERlC MDI: 28 DAY REPEAT EXPOSURE STUDY IN FEMALE RATS (6 HOURS PER DAY 5 DAYS PER WEEK) AND POST EXPOSURE 
OBSERVATION PERIODS UP TO 30 DAYS 

TABLE 4 - INTERGROUP COMPARISON OF BODYWEIGHTS (g) RECOVERY PHASE . 

Concentration (nq/m,) 
O(Ccntrol) O.tl !.U 10 . ! 

Day 1 MEAN 228 . 6 230 . 6 :n3 . ' 231 . 0 
S . D . t . 6 11 .1 11.5 ll . t 
N 20 15 15 20 

Day 8 MEAN 236 . 5 237 . 4 :zu .e 235 . 0 
S . D . 10 . 0 13 . 6 10 . 4 u.s 
N 20 15 15 20 

ADJUS"ri!!O MEAN 238 . 4 237 . !1 23t . t 234 . 8 

D01y 15 MEAN 2U . 8 244 . 3 ~50 . 3 244 . 5 
S . D . 12 . 5 16 . 5 9 . 4 15 . 4 
N 20 15 15 20 

Ml.1t1STED MEAN 2U.O 245 . 1 247 . !1 244' 

Day 22 MEAN 255 . 5 253 . 3 263 . 2 ft.!52 . 9 
S . D. u .a 14 . ! t.O : s . 7 
N 20 15 1! 20 

Ml.1t1STI!:D MEAN 257 . 7 253 . 6 260.3 252 . 7 

Day 29 MEAN 259 . 3 258 . 1 265 . 0 252 . 2 
S.D . 14 . 4 15 . 4 12 . 0 17 . 0 
N 20 15 15 20 

ADJUSTED MEAN 260 . 6 251 . 1 262 . 7 252.0H 

Day 36 MEAN 270.4 261 . 3 275 . 3 272 . 4 
S . D . 16 . 1 14 . 6 11.5 15.1 
N 20 15 l.!l 20 

Ml-'US'rBD MEAN 272 . 4 270 . 7 273 . 8 272 . 3 

Day 43 MEAN 274 . 4 273 . 5 282 . 4 280 : !I 
S.D . 16 . 3 17 . 1 12 . 1 14 . 3 
N 20 15 15 20 

Ml.:IUSTED HEliN 276 . 2 275 . 2 281 . 4 280 . 7 

Day so • .MEAN 282 . 7 210.1 2t2 . !5 2U . O 
S.D . 11 . 3 18 . 3 13 . 8 15 . 9 
N 20 15 15 20 

ADJUS'!'W MEAN 284 . !1 281.2 289 . 7 288 . 9 

D.;oy 56 HEliN 286 . 4 281.3 2!13 . 9 2!12 . 5 
S . D . 17 . 6 22 . 6 14 . 7 15 . 2 
N 20 15 15 20 

ADJUSTED MEAN 288 . 6 281 . 3 290 . 7 292 . 3 
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POLYMERIC MDI: 28 DAY REPEAT EXPOSURE SnioY IN FEMALE RATS (6 HOURS PER DAY S DA . S PER WEEK) AND POST EXPOSURE 
OBSERVATION PERIODS UPTO 30 DAYS 

. -/r~~{~k::.~~:-. 

TABLE 5 - INTERGROUP COMPARISON OF LUNG LAVAGE FLUID 

MAIN STUDY 
Ooneentration (mg/m~) 

o (Control) 0 . 93 3 . 88 

fotal cell Count (a10**4i/all 
MU.N 
S.D . 
N 

Alv.ol- Hacropbag<e Count (&10HI/al) 

--~ 
N 

Poly.oqahonacl-.r x-acooyte Count f&10HI/1111.) 
M&AN 
S . D. 
N 

L~hooyt•/Other Oount (xlO**I/1111.1 
MEAN 
S . D. 
N 

fatAl Protein (mq/<U) 
ICAN 
S.D . 
N 

Lact•te O•hydrogenaae (IU/11 
HUN 
S.D . 
N 

Alkaline Phoaphaua• (IU/1) 
ICAN 
S . D. 
N 

H-~•tyl glucoaa.ini~• CIU/11 
HI!!AN 
S.D. 
N 

Lolvage Supecn.aUnt Ph08pbolip1cl Oonc:.ntration 
HI!!AN 
S.D . 
N 

Lolvaqe Cell Pel1•t Phoapholipid concentration 
MEAN 
S.D. 
N 

:: ~!t.:~~~/:E .. 

3 . 4& 3.48 
O.!:Z O.Sl 

5 IS 

3.U 3 . 44 
0.52 0.10 

IS 5 

0 . 008 0 . 017 
0 . 008 0 .011 

5 a 
0.010 0.022 
0 . 003 0 . 017 

5 5 

15 . 8 14 . 0 
7 . 7 3 . !1 

5 5 

117 . 1 93.4 
91.7 33 . !1 

5 5 

72.2 u.a 
15.t 3 . 1 

5 5 

11.52 11.07 
1.30 1.07 

5 5 

0 . 04 o . o'J 
0 . 03 0.02 

5 4 

1.24 1.55 
0 . 12 0 . 10 

5 5 
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!1 . 70 
2.90 

5 

!1 . 47 
2 . 82 

IS 

Q , Q73U 

o.ou 
5 

0.151H 
0 . 113 

5 

16 . 9 
11 . 2 

5 

100 . 2 
50.5 

5 

14.2 
U . l 

5 

10.12 
1 . 15 

5 

0.01 
0 . 03 

5 

2 . ., •• 
0 . 13 

5 

.\: . ~ ~:~)j;~·{~~.~} ... 

10 . 3 

9.18** 
3.33 

5 

8 .liS•* 
3.35 

5 

0 . 1182** 
0 . 473 

5 

0.845** 
0 .557 

5 

29.4•• 
7 . 6 

5 

1511 . 0 
. 32 . 5 

15 

98 . 2•• 
17 . 5 

5 

10.91 
0 . 66 

15 

o.u• 
0.06 

5 

5.&4H 
1.18 

5 

.;: __ : r.:$1}:,-, 
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POLYMERIC MDI : 28 DAY REPEAT EXPOSURE SnJDY IN FEMALE RATS (6 HOURS PER DAY 5 DAYS PER WEEK) AND POST EXPOSURE 

OBSERVATION PERIODS UP TO 30 DAYS 

TABLE 5 • INTERGROUP COMPARISON OF LUNG LAVAGE FLUID RECOVERY PHASE 

. ConceDtr;ation (JIIIjJ/a') 
0 (Control) 0.93 3 . 88 

rotal cell Ccunt (x1~••6/m1) 
MEAN 2 . 90 2 . 26 1 . 90• 
S . D . 0.71 0 . 81 0 . 29 
N !I 5 5 

Alv-l&r HacrophiiiJe Count (1<10••6/m1) 
MEAN 2.88 2 . 25 1 . 89* 
S . D. 0 . 70 0 . 10 0 . 2!1 
N 5 ! 5 

Pol~rphonuclear L4Nc:ocvte Count Cxlo••6ial) 
MBAN 0 . 015 O.Ou5 &. 006 
S . D . 0 . 010 0 . 004 0 . 007 
N !5 5 !I 

Ly.phocyte/OL~or Count (&10**6/.nal.) 
MBAH 0 . 006 0 . 008 0 . 007 
S . D . 0 . 005 0 . 0015 0 . 003 
N 5 !I 5 

fot;al Protein (mg/dl) 
MBAH 17 . 3 '2 . 3 16 . 2 
S . D . 12.7 2 . 8 13.4 
N 5 !I 5 

~ct;ate Debydroqona•o (IU/1) 
~ 150 . 6 92.2 177 . 2 
S . D . 175 . 2 30 . 1 160 . 2 
N 5 5 5 

Alkaline Pbo8p~t••• (IU/1) 
MBAH 63 . 6 69.2 59 . 0 
S . D . 7 . 8 12 . 6 22 . 0 
N 5 5 5 

H--cotyl glucoa~n1~o CIU/l) 
MBAH 6 . 21 3.48 8.22 
s .r. . 4 . 20 2.3!1 
N 2 \ 2 

t~V3CJO Sltpornat .,n t: Pho:~phol iptd Concnntr~ l lon 
HZNI 0 . 14 0 . 13 0 . 0!1 
S.D. 0 . 03 0 . 04 0 . 04 
N 5 5 5 

Lilvi11Je Cell Pollet Phospholipid Concentration 
H!!AN 1 . 32 1.1' 1 . 47 
S . D . 0 . 20 0.31 0 . 45 
N 5 5 s 

CTUP/(,I'Jl - 65 

10 . :!1 

2 . 08 
0 . 72 

5 

2 . 07 
0 . 72 

5 

0 . 002•• 
0.002 

5 

0 . 01)4 
0.001 

5 

211 . 7 
31.4 

5 

309 . 4 
'ts2.11 

5 

66 . 2 
ll . lli 

5 

17 . 20 

0 . 12 
0 . 03 

5 

1.1!' 
0 . 55 

5 
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POLYMERIC HOI: 28 DAY REPEAT EXPOSURE STIJDY IN FEMALE RATS (6 HOURS PER DAY 5 DAYS PER WEEK) AND POST EXPOSURE 

OBSERVATION PERIODS UP TO 30 DAYS 

TABLE 6 - INTERGROUP COMPARISON OF LUNG WEIGHTS (g) 

MAIN STUDY 

O(Conuol) 
Cofteefttrat1oa (111!J/a1

) 

o.ts l .ae 10.3 

'!'onunal llk>dyveight (g) 
HBAN 26!1.t 2411 . 0 27t . t 265.6 
S.D. 17 . 5 10.!1 12.8 11 . 7 
N 5 5 5 5 

OtqaJI ... 1gbt (g) 
MPH 1.22 1 . 21 l.U 1 . 15** 
S.D. 0 . 11 0 . 01 o.u 0 . 31 
If s 5 5 5 

OrqaD to Body've~ght Ratio C'l 
MilAM 0 . 45 O. tl 0.52 0.(2 
S .D. 0 . 04 0 .02 0.08 0.10 
If !5 5 5 5 

0~ -1qbt Adju.wted 
:!'or ~19"t 

1 . 20 1 . 33 1 . 37 1.61** 
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POLYMERIC MDI: 28 DAY REPEAT EXPOSURE STUDY IN FEMALE RATS (6 HOURS PER DAY 5 DAYS PER WEEK) AND POST EXPOSURE 

OBSERVATION PERIODS UP TO 30 DAYS 

TABLE 6 - INTERGROUP COMPARISON OF LUNG WEIGHTS RECOVERY PHASE 

Concentration Cmg/a') 
OCControl) o. n 3.88 10.3 

Tenrtnal Bodyve1.qbt Cgl 
MEAN 288 . 6 303 . 0 292 . 5 218 . 6 
S . D . 21.4 19 . 3 1'). 3 10. ~ 
N !I s 4 s 

OrgaD -1.qbt 191 
MEAN 1 . 31 1 . 40 1.33 1.41 
S . D . 0 . 08 0.13 o.u 0.10 
N !I 5 4 s 

Or~ to ~qbt bt1o (.) 1«»1 
O.CS O . Ui O. C!I 0.47 

S.D . 0 . 02 0.02 O.C>2 0 . 03 
N !I !I 4 s 

0rgaa W.igtlt Adjuat..S 
Por Bodywei.qht 

l.:t4 1.3CI 1.3!1 1.40 

. ' 
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POLYMERIC MDI: 28 DAY REPEAT EXPOSURE SniDY IN FEMALE RATS (6 HOURS PER DAY 5 DAYS PER WEEK) AND POST EXPOSURE 
OBSERVATION PERIODS UPTO 30 DAYS 

TABLE 7 - INTERGROUP COMPARISON OF ESRDU LABELLING INDICES MAIN STUDY 

Conc:enU&tion (81J/•'I 
O(Col'ltrol) 0 . 13 3 . 88 10 . 3 

Te~al Bronch~olo• ('I 
MEAN 2 . 7 10 . 1•• 1"1.9•• 3t . l•• 
S . D. 1.1 3.2 8 . !1 2 . 11 
N 5 5 5 5 

Cantro-ae1.nar alveoli ,,, 
HaAN 7 . 0 ' ·' ., .... 33 . 1• .. 
S . D. 2 . 3 2 . 0 5.0 3 . • 
N 5 II II l5 

Te~nal lk'Oac::J>iol .. + Centro-Ac:1nar alveoli <'I 
MilAN 4 . 1 10.o•• 17 . 2•• 36 . !5•• 
S . D. 1.2 2.1 • . 5 2 . 7 
N 5 • 5 ! 

CTUPJf,J'J I - f,M 
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POLYMERIC MDI: 28 DAYREPEATE~SURESTUDY IN FEMALERATS(6 HOURS PER DAY 5 DAYS PER WEEK) AND POST EXPOSURE 

· • • OBSERVATION PERIODS UP TO 30 DAYS . 

TABLE 7 - INTERGROUP COMPARISON OF BRDU LABELLING INDICES RECOVERY PHASE 

Con~uatlon (.-g/a•t 
O(CM\trol) 0 . !13 3.88 10.] 

%~~ BroQchlol•• Ct) 
MBAil 3 . 4 3.2 2 . 5 2 . !1 
s.o. 1.0 0.7 0.1 1 .0 

" 5 5 5 5 

Centro-acinar &178011 c•J 
HEliN !5.1 C . l 5.2 5 . 3 
S . D. 1.5 1.5 1 . 4 l.SI 
N 5 5 5 5 

Tenain~ arOGChiol•• + c.ntro-Acin.r alveol! c•1 
MI!.AIJ • . 2 • . 7 l.SI • . 6 
S.D. 1 . 2 0 . 1 0 . 1 1 . 1 
N 5 5 5 5 
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POLYMERIC MDI: 28 DAY REPEAT EXPOSURE STUDY IN FEMALE R.J\TS (6 HOURS PER DAY 5 DAYS PER WEEK) AND POST EXPOSURE 
OBSERVATION PERIODS UP TO 30 DAYS 

TABLE 8 • INTERGROUP COMPARISON OF MICROSCOPIC FINDINGS INCIDENCE MAIN STUDY 

~-NI09LASTIC HCRPHOLOGI&S 

Ll»«] 

SEX : P'BHALES 

FDCALES otf STUDT 
AtHMALS COMPLI!'fED 

&XAMINED • . • . ..•.• . •.• . .•• .. • ••. • . . •. • ...•.•.• • .• . .. . .... . .. . • . 
HC ~'fiBS DB'fBCTZD ..... ... . . .. ......... . ........... ... . 
Inc:re&aed. ~tvaaeular neutropb1~ 1nftltrat1on C'l'OTALI ...• .. . . 

al.tght . . ..• . • . . . • ..... •... . . . . ...... .. . ........ ... . .. ... . ... 
Intar.Uttu thick-tog - ceotru acinar ~on I!'OTALI . .... . . 
atn~ . ... . .. ... . . . . . .. . . . . .......... ... .. .. .... ......... . . 
aUght .... . .. . .. . .. ..... ........ .. . .. . .. . . ..•. .. . . . . .. .. ... . 

Br~al1t1a- te~ region (T~) .. . . . .. •... . .... ... ... . 
~- -··· · ··· ·· · ······ · ·· ··· · ················ ··· · ······· · aUght • . .. .. .. ...... .. . .... . . ...... . .............. . .. . ... .. • 
.oclarate . . . . ... ... ..... ... . . .. .• . .. . . ... .. .•.. ... . . •.. . •.... 

P1CJ1118Dt:ed. alveolar aacropbAgea - acc:uar.Jlat1on lf01'AL) .. . . . . .. . 
aUght ... . • . ..... . . . •....... . . .... . . ........ . . .. ... . . .. .. . .. 
~rate • . • .• . . . ... . . ..... . ... .. .. . . . .......... ... . ... ... . . . 

Hypertropby iU>d hyperplaata - ter.tnal t>ronehiole (TOTAL) .. .. . 
a l.1g2\t: . . . ... . ....... . ...... . . . .. . .. . . . ... .. . •... . .. ... ...... 
.:>derate ... . . . . . •.....•. . . ... . .. . . . .. ·- ·.· · ······ ····· ·· · ··· 

0 0.93 
1111J/a3 .-g/1113 

•e 30 
5 5 

5 5 
5 • 0 0 
0 0 
0 0 
0 0 
0 0 
0 1 
0 1 
0 0 
0 0 
0 0 
0 0 
0 0 
0 0 
0 0 
0 0 
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3 . 88 10.30 
~/-.3 .-g/llll 

30 40 
5 5 

5 5 
3 0 
1 0 
1 0 
1 5 
1 0 
0 s 
1 5 
1 2 
0 2 
0 1 
0 5 
0 2 
0 3 
0 ! 
0 4 
0 1 

-: ' 

0 
til 
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POL YMERJC MDI: 28 DAY REPEAT EXPOSURE sniDY IN FEMALE RATS (6 HOURS PER DAY 5 DAYS PER WEEK) AND POST EXPOSURE 
OBSERVATION PERIODS UP TO 30 DAYS 

TABLE 8 • INTERGROUP COMPARISON OF MICROSCOPIC FINDINGS INCIDENCE RECOVERY PHASE 

11011--0SII.\.HIC ltOill'.oi.OCnU 

LUHO 

sax: PDGU.U 

P'DGU.ZS ON ntmY 
wrDGU.S ~so 

BXAIII!Im) • •• ••••• • ••• • ••••••• • ••• •. ••• • •• • •••••.•• • . . •. •• • .. . . • 
MD ~TDIS ~ ...• . •. .. • . • .. .. .. .. .. . . . . .. . . . . . ... -
toter•t:i.t:i.al thJ.dterli.nq - central. acinar zwvi- (~) ... ... . 

aUght ... . ..... ... . ........ . ....... . ........ . . .. ... .. ... . . . . 
BroochJ.olJ.tJ.• -~ reg1oD (TOrAI.) •• • • • • ••.••• • • •.•• • .•. . 

~--······· · ···· · ··· · · · · · · · · · ·· · · ·· ·· · · · ······ · ····· · · · PicJIDelatecl al..-.cl.ar ~ - aCCNIIIIll.atJ.- (~) ..• • . . •. . 
ain1aal . . - . ..• . . . . . . .. • . •.. •• .• . •.. . •. •. .• • • ... .. •.. • . . . .. - . 
•light: . ... .. . . .... .. . . ..... . • . . . . . . . . . . . - .. ... - .. - - - . - . . . .. . 

. -

0 
'89/ra:J 

co 
s 

s 
5 
0 
0 
0 
0 
0 
0 
0 
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o.u 3 . 11 10.30 
81J/-.3 '89/-.3 .,.,., 

30 30 co 
5 5 5 

15 5 5 
I 5 0 
0 0 1 
0 0 1 
0 0 1 
0 0 1 
~ 0 s 
0 0 3 
0 0 2 



-~~;~~:~\~~~' 
·-· : :-. ~ : . -

~--·/:::::··· 
- -~ -... _ .. I . 

. .. 

. . 

./;iWW:)· ... _, : ~r:· 

. :;;~ ~;~~(::_::- ·. 

. I 
POLv-MERIC MDI : 28 DAY REPEAT EXPOSURE STUDY IN FEMALE RATS (6 HOURS PER DAY 5 DAYS PER WEEK) AND POST EXPOSURE 

OBSERVATION PERIODS UP TO 30 DAYS 

TABLE 9 - INTERGROUP COMPARISON OF LUNG LAVAGE CELL PATHOLOGY 

I Dose (mglml) 0 0.93 3.88 10.3 
Main study 
Foamy macrophages 
minimal 4 s 0 0 
slight l 0 4 0 
moderate 0 0 1 0 
marked 0 0 0 5 

Retovery phase 
Foamy macrophages 
minimal 5 4 4 2 
slight 0 I I 3 
moderate 0 0 0 0 
marked 0 0 0 0 
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i 
POLYMERIC MDI• 28 !:>AY REPEAT EXPOSURE STUDY IN FEMALERATS(6 HOURS PER DAY 5 DAYS PER WEEK} AND POST EXPOSURE 

OBSERVATION PERIODS UPT030 DAYS 

TABLE 10 -INTERGROUP COMPARISON OF ELECTRON MICROSCOPY MAIN STUDY 

-·-
LUNG 

EXAMrHKO • •••• • •••••••.••••••••• • • • •••••• • . . ..•• 

laD 

Z~TITLAL rHIC~NG 

ALVEOLAit 'ITPE I I CELLS 
Lmella.r bOdlea 

i.ncJ:ea.e i.n nUIIIber 
ai.n:imal. ••... . •. • . • . • ..• . . . . . • • . .. • . . .•.... 

incJ:e~se in ai.ze 
ai.~ •.•• .. . .. .. .. . 

MP.CJtOPRAGES 
L&8ellar auzf~ct~t 
m1~ · · · · ···· · ·· · · ·· ········· · - - - · ·· · · · 
a.li.ght ... . .. ... .. . ...... . . ... .. . ... ... . 

crysta11ine surf~ctant 
lll1 ft 1aa 1 . . . . . . . . . . . . . • . . . . . . . . . . . . . . . . . . 

Aaorphous surf~ctant 
llli~ • • •• • •.• . ...• . • •.• .•. . ...• . . .. . . --
a.light .. • ... . . ... . ...... . .. . ... ... ..... 
aoderate . .... . . ... . . .. . .. .. . .. .... . · .. . · · 

Omq/m3 0. 'J)ag/al 3 . 88ag/a3 10. 3aq/al 

5 

5 

0 

0 

0 

0 
0 

0 

0 
0 
0 

5 

0 

1 

1 

0 
0 

0 

3 
0 
0 
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5 

0 

0 

2 

1 
0 

1 

0 
0 
0 

5 

3 

1 

3 

1• 
1 

0 

1 
0 
1 

0 
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POL YMEFJC MDI: 28 DAY REPEAT EXPOSURE STIJDY IN FEMALE RATS (6 HOURS PER DAY 5 DAYS PER WEEK) AND POST EXPOSURE 

OBSERVATION PERIODS UP TO 30 DAYS 

TABLE 10 - INTERGROUP COMPARISON OF ELECTRON MICROSCOPY 

LUKBH 
Ceyiti!I".ine aurfact~t 

mia.i.mill. . . . . ••••••••••...•••••••.•. - • - - - . . 
-~ight ........................... - .... . 

Deb ria 
minillla.l . . . . . . ... - . - - . . - . . . . . . . . . • . . . . .. - . . . 
a . .Liqht . . . . . . . . . . . . • • • . . • . . . . . . • . • . • . . . . • .. 
moder~te ............•....................... 

Lamella surfactant 
m..i::U.m&l • . . . • . . • . • • . • • . - . . . . . . . . . . . . . . . . . . . . 
s.Liqbt ..... .. ....•...•......... . .......• .. 
moderate ................................... . 

MAIN STUDY 

O.q/ml 0. 93mq/a3 

0 l 
0 0 

0 0 
0 0 
0 0 

0 1 
0 ~ 

u 

0 0 
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3. 88mq/m.1 10.~/·l 

1 1 
0 1 

2 2 
0 0 
1 l 

1 ] 

0 0 
1 1 
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-I 
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! 
POLYMERIC MDI: 28 DAY REPEAT EXPOSUR!:. ·uoy IN fEMALE RATS (6 HOURS PER DAY 5 DAYS PER WEEK) AND POST EXPOSURE 

OBSERVATION PERIODS UP TO 30 DAYS 

TABLE 10 -INTERGROUP COMPARISON OF ELECTRON MICROSCOPY 

RECOVERY PHASE 

0~/ml 0.93mq/m3 3.88mq/a3 10.~/al 
LONG 

EXAMIJIEI) • •••• • ••• • •••• •• • .• ••• • •• • •••• • ••• • •••• 5 5 

AlfiHALS NAD . . . . • • • • . . . • . . . • • . • . . . . . . . . . . . . . . . . . . . 5 0 

INTERSTITIAL TBICKDITNG 

AJ.VEOLIUt TYPE I I CELLS 
LiJilellar bodies 
increase in nu.ber 

mini.m.ill. . . . • • . . . . . . . . . . . . . . . . . . . . . . . . . . . . .. 
increase in s1ze 

m.inimal. - . . . . . . . . . . . . . . . . . - . . . . . . . . . . . . . . . . . 
slight . . . .. ..... . ... .. .. . ....... . .. . .. . 

MACJlOPIIAGES 
Laiill8llar surfactant 

min.imaJ.. . . .. . ... . . ••.. ...•. • .... . ....• . .• . 
slight ..... . ' ... .. .... . .. ... . . .. .. ... . . 

Cryst2lline sur~act&nt 
Jll.inim,al •. .. .••..• . . ... . • , . • •. .•••. . . , . •.• 

Amorphous surfaebnt 
minimal ...... . .. . .. .. . . ........... • · • ••• · • · · 

0 

0 

0 
0 

0 
0 

0 

0 

0 

0 

0 
0 

0 
0 

1 

2 
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POLYMERIC MDI: 28 DAY REPEAT EXPOSURE SruDY IN FEMALE RATS (6 HOURS PER DAY S DAYS PER WEEK) AND POST EXPOSURE 
OBSERVATION PERIODS UP TO 30 DAYS 

TAEJLE 10 - INTERGROUP COMPARISON OF ELECTRON MICROSCOPY 

RECOVERY PHASE 

Omq/m? 0. 93mq/al 3.~8mq/m1 10.3~/al 
LUMEN 
Cryst~~ine surf~ctant 
mi.~ ...•••••.••••.•••••....•.....• •.•. 0 2 1 2 

Debris 
arlnimal............... . .. . . . .. . .... ...... .. . 0 1 1 1 
-~ight ... .. ......... .. ... ... . .. . . . .. . ... . . 0 0 0 1 

~11~ surfact&Dt 
minim.al. ... ..... . .. . . . . ... .. .... . .... . .. . . . . 0 3 1 1 
s1iqbt . .. ... .... ....... ............ . . .... . 0 0 0 0 
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POLYMERIC MDI: 28 DAY REPEAT EXPOSURE STUDY IN FEMALE RATS (6 HOURS PER DAY S 
DAYS PER WEEK) AND POST-EXPOSURE OBSERVATION PERIODS UP TO 30 DAYS 

APPENDIX A- THE DETERMINATION OF POLYMERIC MOliN SAMPLES TAKEN 
FOR TOTAL PARTICULATE DETERMINATION 

METHOD SUMMARY 

The test substance was extracted/desorbed from filters with a known volume of acetic 

anhydride in acetonitrile. After appropriate derivatisation and dilution an aliquot was 

removed. The samples and standards were then analysed by High Perfonnance Liquid 

Chromatography (HPLC). 

CHEMICALS AND REAGENTS . 

Acetonitrile, HPLC grade 

Water, Milli Q+ grade (Millipore) 

Glacial acetic acid, analytical grade 

Sodium acetate, analytical grade 

Toluene, HPLC grade 

Acetic anhydride, analytical grade 

Diethyl phthalate, analytical grade 

1-(2-met~oxyphenyl)piperazine, analytical grade 

DERIVATISATION 
' , 

Derivatising Solution 

Isocyanate samples were derivatised using 1-(2-methoxyphenyl)piperazine (1,2-MP). 

Approximately 400mg of I ,2-MP was accurately weighed into a 1 Oml volumetric flask and 

500mg diethyl phthalate added. This was made up to volume with toluene and designated 

Solution A, for use in coating filters . 
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POLYMERIC MDI: 28 DAY REPEAT EXPOSURE STIJDY IN FEMALE RATS (6 HOURS PER DAY 5 
DAYS PER WEEK) AND POST -EXPOSURE OBSEF. VATION PERIODS UP TO 30 DAYS 

APPENDIX A· THE DETERMINATION OF POLYMERIC MOliN SAMPLES TAKEN 
FOR TOTAL PARTICULATE DETERMINATION Filter preparation 

Solution A (2ml) and toluene (S .25ml) were mixed and 200111 of the resultant solution was 

used to coat each filter. The filters were placed in the dark to dry and sealed in a vials for 

storage. These dry filters were then supplied to the Inhalation Group . 

Desorbing ·solution 

Approximately SOmg of 1,2-!\tfP was accurately weighed ·into a 1 OOml volumetric flask and 

made to volume with toluene to produce a stock 1 ,2-l\IIP solution. This stock solution was 

diluted to make 260flmolar solution which was used to complete the derivatisation of the 

filters . 

CALIBRATION STANDARDS 

Analytical standard 

Suprasec 5005, CTL Reference YOO I 22/021 , with an assumed purity of 44.11% w/w Di-MDl 

and 22 .94% w/w Tri-MDI was used. 

Varying amounts of Suprasec 5005 was accurately weighed into a volumetric flask and diluted 

to volume with toluene to give a stock standard ofknown concentration. (e .g. 157 .5mg 

Suprasec 5005 made to lOOrnl with toluene to give a stock solution then diluted to give 

working standards, after derivatisation.) 

Further appropriate dilutions were made with toluene in volumetric flasks to give a range of 

solutions, within 3.64Sflg/ml to 24 . 525~g/ml Di-MDI and 1.89j.Jg/ml to 12 .7501Jg/ml Tri

MDI. 

The purity of the test substance was taken into account in the ·preparation of the standard 

solutions. 
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POLYMERIC MDI: 28 DAY REPEAT EXPOSURE STUDY IN FEMALE RATS (6 HOURS PER DAY S 
DAYS PER WEEK) AND POST-EXPOSURE OBSERVATION PERlODS uP TO 30 DAYS 

J·,i-PENOIX A- TPE DETERMINATION OF POLYMERIC MDI1N SAMPLES TAKEN 
FOR T01'AL PARTICULATE DETERMINATiON 

PROCEDURE 

Sample preparation 

A known volume (2ml) of260J.1molar 1,2-MP solution was added to each filter in the 

container provided with the sample. The vial was sealed and left for 24 hours in darkness. 

Acetic anhydride (100J.1l) was then added to the vial and the whole sample was evaporated to 

dryness under nitrogen . 

A known volume of acetonitrile (5/1 Oml) was added and gently agitated in the vial . ·The filter 

and solution were then decanted into UN1PREP syringeless filter and filtered into a clean vial. 

An aliquot was then removed for subsequent analysis. 

High Perfonnance Liquid Chromatography Conditions 

Modular system 

Comprising 

Pump 

Autosampler 

Detectors 

Mobile phase 

Flow rate 

Detector wavelength 

464 Electrochemical 

detector settings 

LC Module 1 (Waters) 

600 Series (Waters) 

717 autosampler (yV aters 

484 UV detector (Waters) 

464 electrochemical detector (Waters) 

acetonitrile (600/o v/v) 

0.5% sodium acetate buffer pH 6 (40% v/v) 

lmllmin 

242nm 

Detector mode 

Working electrode 

Reference electrode 

Potential 

DC 

Glassy carbon 

Ag/ AgCI 

+800mV 
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0\1 POLYMERJC MDI 2~ DAY REPEAT EXPOSURE S'I"UDY IN FEMALE RATS (6 HOURS PER DAY 5 
DAYS PER WEEK) AND POST-EXPOSURE OBSERVATION PERJODS UP TO 30 DAYS 

APPENDIX A- THE DETERMINATION OF POLYMERlC MOliN SAMPLES TAKEN 
FOR TOTAL PARTICULATE DETERMINATION 

Current range 

Column 

Injection volume 

Data handling 

CALl BRA TION 

0.2J.LA 

25cm x 4 6mm ID SSODS2 (HiChrom) 

25~1 

Waters 860 Data System (Waters) 

The analysis system was calibrated using a range of star:cdards to detennine the linearity of 

response. 

~ALCULATION OF RESULTS 

Total Paniculate Samples 

Analysed atmosphere concentration (mglm3
) Ca = Cs x Of 

Va x 1000 

Where Cs -

Df 

Va 

%Total Pat1iculate 

Where 

LIMIT OF DETECTION 

Calculated sample concentration from data system (J.1g/ml) 

Dilution factor 

Atmo~pherc sample volume (I) 

Sample collection time (min) x flow (1/min) 

Gravimetric atmosphe.•e concentration 

The Emit of detection was calculated to be approximately 0.3t.tg/ml Di-MDI and 0.6;1g/ml Tri

MD! in the analysed solution, corresponding to an atmosphere concentration of0 .0lmg/m3 

Di-MDi aa1d 0.02mglrn3 Tri -MDI. 

CfUP/6191 · 80 



G 02 

.{ 

~ . . .. 

· :: ·· . 
•. : ' .. ~ . •·• ·.v 
··· . 

:. ··' 

POLYMERJC MDI : 28 DAY REPEAT EXPOSURE STUDY IN FEMALE RATS (6 HOURS PER DAY 5 
DAYS PER WEEK) AND POST -EXPOSURE OBSERVATION PERl ODS UP TO 30 DAYS 

APPENDIX B - PARTICLE SIZE CLASSJFICATlON 

1. Ma~s median aerodynamic diameter (MMAD) 

The mass median aerodynamic diameter (MMAD) of an aerosol, or pan of an aerosol, is the 

diameter of a unit density sphere having the same terminal settling velocity as a particle shown 

to divide the size distribution of the aerosol in half when measured by mass. The algebraic 

symbol commonly used for the MMAD is "D50" . 

2. Geometric standard deviation (GSD) 

The GSD of an aerosol is the ratio of the mean of the distribution to the mean ± I standard 

deviation i.e.: GSD (a g) = DSO ::: 

Dl6 
D84 = 
DSO 

/D84 
016 

This relationship is only valid for aerosols with a log normal <!istribution, which is considered 

--to be the case in this study. 
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POLYMERIC MDI: 28 DAY REPEAT EXPOSURE STUDY IN FEMALE RATS (6 HOURS PER DAYS 
DAYS PER WEEK) AND POST-EXPOSURE OBSERVATION PERIODS UP TO 30 DAYS 

APPENDIX C ·ALLOCATION OF RATS TO EXPERIMENTAL GROUPS 

The animals were distributed amongst experimental groups by a method designed to ensure 

that any unhealthy rats or rats at the extremes of the weight range were ex:cluded. 

The weights were recorded and sorted using a computer son feature. All the stock animals 

were weighed, clinical observations noted and the data recorded directly electronically. The 

weights were then sorted electronically into order with the highest weight listed first, followed 

by the next highest etc . Animals at extremes of the weight range, or showing adverse clinical 

changes, were discarded. 

A Latin Square was generated and was used for the allocation of animals to the experimental 

groups . The heaviest animal was allocated the lowest number in the group of replicate 

denoted by the number on the Latin Square and ear-punched with the lowest available 

experimental number for that cage shown on the rack plan. This procedure was carried out 

until all cages in each replicate contained one rat. 

The procedure was then repeated until each cage contained five rats. 
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POLYMERIC MDI: 28 DAY REPEAT EXPOSURE SniDY IN FEMALE RATS (6 HOURS PER DAY 5 DAYS PER WEEK) AND POST -EXPOSURE 
OBSERVATION PERIODS UP TO 30 DAYS 

APPENDIX D -ARRANGEMENT OF ANIMALS ON THE RACKS SHOWING INDIVIDUAL ANIMAL NUMBERS AND 
POSITIONS 

Females Rack 1 Females Rack 2 

Rep 1 1-5 21-25 51-55 36-40 ! 
I 

RepS 136-140 101-105 151-155 121-125 
I 

(1) (2) (4) (3} I (3) (1) (4) (2} 

Rep2 26-30 56-60 41-45 6-10 Rep6 126-130 156-160 106-110 141-145 

(2) (4) (3) ( 1) (2) (4) (1) (3} 

61-65 NA 11-15 NA I 
I 

! 
Rep 3 Rep 7 111-115 NA NA 161-165 

(4) (3) ( 1) ~2} (1) (2} (3) (4} 

Rep4 46-50 16-20 31-35 66-70 RepS 166-170 146-150 131-135 116-120 

I 
(3} (1) (2) (4} (4) {3) (2) ( 1} 

~-~· 

Group numbers are given in parentheses 

NA no animals allocated to these groups 
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POLYMERIC MDI : 28 DAY REPEAT EXPOSURE STUDY IN FEMALE RATS (6 HOURS PER DAY 5 
DAYS PER WEEK) AND POST-EXPOSURE OBSERVATION PERIODS UPTO 30 DAYS 

1. 

APPENDIX E ·THE DESIGN AND USE OF THE CIRCULAR NOSE-ONLY 
EXPOSURE CHAMBER AND BATTELLE RESTRAJNING TUBES FOR 

RATS 

Purpose 

The nose-only method of exposure was used as the purpose of the study was to investigate the 

effect on the lungs of exposure to an aerosol of the test material. 

2. Design (Figure 1) 

2.1 The chamber 

The chamber consisted of sections ofPERSPEX tubing (6mm wall thickness) with an internal 

diameter of 28cm and height of 15cm (approximate volume 9.2 litres). Each section was 

drilled with ten equidistant holes of 28mm diameter into which the restraining tubes were 

pushed to give a good seal . There was also one sampling port. 

The chamber located on to a base-plate, fitted with castors for manoeuvrability. A conical 

aluminium lid ensured good distribution of the atmosphere across the chamber, the atmosphere 

_.having being generated from above. The conical lid and the base together had a volume of 

approximately 9.2 litres. In this study four. sections were connected, giving a total ,·olume of 

approximately 46 litres. 
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POL YMERJC MDI: 28 DAY REPEAT EXPOSURE STUDY IN FEMALE RATS (6 HOURS Pt::R DAY 5 
DAYS PER WEEK) AND POST -EXPOSURE OBSERV ATJON PERIODS UP TO 30 DAYS 

APPENDIX E ·THE DESIGN AND USE OF THE CIRCULAR NOSE-ONLY 
EXPOSURE CHAMBER AND BATTELLE RESTRAINING TUBES FOR 

RATS 

2.2 The restraining tubes 

The restraining tubes were made by Battelle, Geneva and consisted of a polycarbonate tube, 

one end of which was tapered and fitted into the exposure chamber. In the other end a spring 

loaded plunger was fitted which was contoured to fit a rat and fitted over the base of the tail. 

The top of the tube had apertures to prevent excessive build-up of heat and water vapour 

which might make the animal unduly uncomfortable, while similarly there was a groove in the 

bottom ofthe tube for drainage of urine. 

3. Sampling 

Atmospheric concentrations were determined by sampling through the sampling port . While 

atmospheres were being set up prior to animal exposure the holes for the restraining tubes 

were plugged . 
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POLYMERIC MDI : 28 DAY REPEAT EXPOSURE STUDY IN FEMALE RATS (6 HOURS PER DAY 5 
DAYS PER WEEK) AND POST -EXPOSURE OBSERVATION PERIODS UP TO 30 DAYS 

APPENDIX E- THE DESIGN AND USE OF THE CIRCULAR NOSE-ONLY 
EXPOSURE CHAMBER AND BATTELLE RESTRAINING TUBES FOR 

RATS 

DIAGRAM OF 4-TIERED EXPOSURE CHAMBER 
WITH CONCENTRIC JET GLASS ATOMISER 

AND GAGE CYCLONE 

COI\I ' :ENTR!C GLASS JET ATO~ISER 

VARIABLE AREA n===~ .) r- GAGE CYCLONE 
FLOW~f.iER 

GENERATION AIR 

TEST _.. ~ :-:-:-J 
COt.4POU J~O ~ t:'"""-4 - DILUTION AIR (WHERE REQUIRED) 

1~---

AEROSOL 

EX '-iAUST 
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POLYMERIC MDI : 28 DAYREPEATEXPOSURESTUDY IN FEMALE RATS (6 HOURS PER DAY 5 
DAYS PER WEEK) ANDPOST·EXPOSUREOBSERVATIONPERIODS UPTO 30 DAYS . 

APPENDIX F • EXPOSURE CHAMBER TEMPERATURES AND RELATIVE 
HUMIDITY 

These data were taken from the readings of temperature and relative humidity recorded during 

the exposure period in the exposure chamber. 

Group 1 Group 2 

Date Temperature Relative Date · Temperature Relative 
(oC) Humidity(%) ec) Humidity(%) 

9/09/98 19.2-20.2 33-47 9/09/98 19.1-20.1 10-13 
10/09/98 18.7-22.6 38:61 . 10/09/98 18.6-24.0 11-33 
11/69/98 l8.6-20.9 44-52 11/09/98 18.4-20.8 14-34 
12/09/98 17.7-20.9 34-46 12/09/98 17.6-21.3 15-28 .. 

13/09/98 19.0-21.2 38-47 13/09/98 18.8-20.7 14-21. 
14/09/9~ 19.0-22.3 25-36 14/09/98 18.9-22.2 10-16 
16/09/98 1~ . 6-21.8 28-39 16/09/98 19.6-21.8 12-22 
i 7/09/98 19.6-21.6 36-47 17/09/98 19.4-21.5 14-28 
18/09/98 19.9-22 .3 42-53 18/09/98 19.8-22.3 18-28 
19/09/98 20.1-21.5 41-52 19/09/98 20.3-21.4 19-26 
20/09/98 20.1-20.7 45-55 20/09/98 20.0-20.8 22-32 
21/09/98 18.9-21 .8 29-42 21/09/98 18.8-21.5 10-18 ·-
23/09/98 19.7-20.9 28-3!7 23/09/98 19.8-20.9 12-17 
24/09/98 19.9-20.8 46-56 24/09/98 . 19.5-20.7 15-48 
25/09/98 19.9-20.9 43-52 25/09/98 19.8-20.7 15-22 
26/09/98 19.7-21.2 35-50 26/09/98 19.6-21.6 17-26 
27/09/98 19.5-22 .0 44-56 27/09/98 19.4-21 .1 lS-24 -
28/09/98 19.6-21.0 42-48 28/09/9B 19.2-20.3 14-20 
30/09/98 18.9-20.9 35-52 30/09/98 18.7-20.3 13-19 
1110/98 

1----
19.1-22.8 36-52 1/10/98 19.1-23.9 16-27 

2/10/90 19.6-22.0 21-41 2/10/90 19.6-23 .2 10-18 
3/10/98 18.7-21.1 32-42 3/10/98 !8.5-20.9 l0-21 
4/10/98 19.3-23 .0 31-40 4/10/98 19.3-22 .7 8-22 
5/10/98 19.7-21.2 19-30 5/1 f)/98 19.7-21.7 4-8 
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POLYMERIC MDI : 28 DAY REPEAT EXPOSURE STUDY IN FEMALE RATS (6 HOURS PER DAY 5 
DAYS PER WEEK) AND POST -EXPOSURE OBSERVATION PERIODS UP TO 30 DAYS 

APPENDIX F - EXPOSURE CHAMBER TEMPERATURES AND RELATIVE 
HUMIDITY 

These data were taken from the readings of temperature and relative humidity recorded during 

the e}.~sure period in the exposure chamber. 

Group 3 Grol.l !'l 4 

Date Temperature Relative Date Temperature Relative 
(oC} Humidity (%) (°C) Humidity (%) 

9/09/98 19.1-20.1 13-19 9/09/98 19.1-20.4 9-16 
10/09/98 18.6-23 .4 15-32 10/09/98 18.6-20.7 26-47 --
11/09/98 18.4-20.9 14-31 11/09/98 18.6-20.1 23-38 
12/09/98 17.6-21 .1 16-39 12/09/98 17.7-20.9 24-37 .. 

13/09/98 18.9-20.9 17-25 13/09/98 19.0-20.9 21-34 
14/09/98 18.9-22.1 1 1 -15 14/09/98 18.8-21.6 10-16 
16/09/98 19.6-21 .7 14-22 16/09/98 19.5-21 .7 10-17 .. 
17/09/98 19.4-21.5 15-27 17/09/98 19.5-21.4 18-28 
18/09/98 19.8-22 .0 21-28 18109/98 19.9-22.1 23-38 
19/09/98 20.7-21 .3 23-30 19/09/98 20.4-11 .4 20-29 
20/09/98 20.0-20.6 22-35 20/09/98 20.0-20-7 18-35 --
21/09/98 18.9-21.4 11-22 21/09/98 19.0-21.3 10-20 
23/09/98 19.8-20.8 15-20 23/09/98 19.9-20.8 9-14 
24/09/98 19.8-20.9 19-26 24/09/98 19.8-21.1 20-27 
25/09/98 19.8-21 .1 15-27 25/09/98 19.9-21.0 18-31 ·-
26/09/98 19.7-21.8 17-28 26/09/98 19.7-21 .7 19-28 -
27/09/98 19.5-21.6 16-27 27/09/98 19.5-21 .1 23-35 
28/09/98 19.5-20.9 15-23 28/09/98 19.6-20.9 12-21 
30/09/98 18.7-20.5 14-20 30/09/98 18.7-20.5 12-18 
1110/98 19.1-23 .7 15-26 1 I 1 0/98:....__1--1;,.;;.9...;;.2;_;-2;,.,;;.3~. 5_~2..;;..1-..;;..3.;;.,.5 ---t 

2/10/90 19.6-22 .8 13-20 2/10/90 19.6-23 .1 14-24 
3/10/98 18.6-20.9 14-22 •• 3/10/98 18.6-20.9 19-24 
4/10/98 19.4-22 .6 9-17 4/10/98 20.0-22.5 11-22 
S/10/98 19.8-21 .5 4-9 5/10/98 19.9-21 .5 6-11 
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POLYMERIC MDI : 28 DAY REPEAT EXPOSURE STUDY IN FEMALE RATS (6 HOURS PER DAY 5 
DAYS PER WEEK} AND POST-EXPOSURE OBSERVATION PERIODS UPTO 30 DAYS - - ---

APPENDIX G - DETAILS OF STATISTICAL METHODS 

Bodyweights were considered by analysis of covariance on initial (day 1) bodyweight. 

Lung weights were considered by analysis of variance and analysis of covariance on final 

bodyweight. Summary statistics are presented for lung to bodyweight ratios but these were 

not analysed statistically as the analysis of covariance provides a better method of allowing for 

differences in terminal bodyweights (Shirley, 1996). 

BrdU labelling indices were considered by analysis of variance following a double arcsine 

transformation (Freeman and Tukey, 1950). 

Lung lavage fluid data were considered by analysis of variance. Total cell counts, alveolar 

macrophage counts, polymorphonuclear leucocyte counts and lymphocyte/other counts were 

transformed before analysis using a natural logarithmic transfonnation . 

All analyses for the main study and recovery phase were canied out separately. 

Analyses of variance and covariance were carried out using the GLM procedure in 

SAS( 1989). Analyses of bodyweight allowed for the replicate structure of the study design. 

__ Least-squares means for each group were calculated using the LS:MEAN option in SAS 

PROC G~M. Unbiased estimates of diff -..fences from control were provided by the difference 

between each treatment group least-squares mean and the control group least-squares mea.n. 

Differences from control were tested statistically by comparing each treatment group least

sq~ares mean with the control group least-squares mean using a two-sided Student's t-test, 

based on the error mean square in the analysis. 

The difference from control based on the analysis of bodyweight are also presented graphically 

in figure 3. The centre of each bar represents the mean percentage difference betw.~en control 

and treated group least-squares means and the top and bottom of each bar repre~ent the upper 

and lower 95% confidenc<; limits for this difference. A statistically significant difference 

between the treated group and the control group is present when the bar doe:: not cross the 
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APPENDIX G - DETAILS OF STATISTICAL METHODS 

zero difference line. For ease of reference, lines have been added to the plots to show the 

difference of± 1 0%. 
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